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I.  Inteoductoey. 

Webee,  in  his  classical  memoir  entitled  “De  aure  et  auditu  Hominis  et  Animalium, 
Pars  i.,  De  aure  Animalium  aquatilium,”  published  in  1820,  was  the  first  to  show 
that  in  certain  families  of  Physostomous  Teleostei,  viz.,  the  Siluridse  and  Cyprinidce, 
there  exists  a peculiar  connection  between  the  auditory  organ  and  the  air-bladder,  by 
means  of  a chain  of  movably  interconnected  ossicles.  To  these  two  families,  and  to 
three  others,  viz.,  the  Characinidse,  Gymnotidae,  and  Gymnarchidae,  in  which  this 
singular  mechanism  was  subsequently  discovered,  Sagemehl  (33)  applied  the  collective 
name  of  Ostariophyseae  (oarapLov,  ossicle ; (fivay,  air-bladder),  for  the  reason  that  the 
possession  of  this  highly  specialized  mechanism  implied  community  of  descent.  Since 
the  publication  of  Webee’s  memoir,  various  contributions  to  this  subject  have  been 
made,  but  deal  for  the  most  part  either  with  special  features,  or  with  individual  species, 
or  with  a very  limited  number  of  species  in  particular  families.  In  no  single  family 
of  Ostariophyseae  has  any  attempt  at  present  been  made  to  institute  a systematic 
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and  comparative  examination  of  any  considerable  number  of  genera,  and,  at  the  same 
time,  to  deal  with  the  various  modifications  which  pertain  to  the  air-bladder,  auditory 
organ,  and  skeleton  as  correlated  and  mutually  dependent  factors.  With  regard  to 
papers  on  such  special  points  as  the  nature  of  the  “ complex  ” vertebra  and  the 
homologies  of  the  Weberian  ossicles,  reference  may  be  made  to  the  contributions  of 
Baudelot  (1),  Grassi  (17),  and  Nusbaum  (29),  and  to  a recently  published  and 
valuable  paper  by  Sorensen  (37),  which  treats  of  certain  skeletal  modifications,  not 
only  in  the  Ostariophysese  in  general  but  in  other  Teleostei.  Of  papers  dealing  with 
other  special  points,  the  contributions  of  Hasse  (19)  and  Nusbaum  (/oc.  cit.)  to  the 
anatomy  of  the  auditory  organ  must  also  be  mentioned.  Of  individual  families,  the 
Siluridse  have  received  but  little  attention.  Sagemehl’s  paper  deals  mainly  with  the 
air-bladder  of  the  Characinidse.  The  papers  of  Grassi,  Baudelot,  and  Nusbaum  relate 
almost  exclusively  to  the  Cyprinidae.  The  valuable  observations  of  Sorensen,  while 
more  extensive  as  regards  the  families  included  within  the  range  of  his  investigations, 
are  nevertheless  restricted  to  certain  special  features,  and,  apart  from  the  develop- 
ment of  ossifications  in  its  walls,  have  but  scanty  reference  to  the  air-bladder,  or  to 
the  Weberian  ossicles,  or  to  the  auditory  organ  in  the  relatively  few  Siluridee 
described  by  him.  Weber  {loc.  cit.)  himself  only  described  the  air-bladder  and  the 
ossicles  which  bear  his  name  in  a single  species  [Silurus  glanis).  Johannes  Muller, 
in  his  various  contributions  to  the  Berlin  Academy  during  the  years  1843-45,  added 
somewhat  to  our  knowledge  of  these  structures,  and  nptably  by  his  discovery  of  the 
“ elastic-spring  ” apparatus,  but  Muller’s  attention  was  mainly  directed  to  the 
grosser  features  in  the  anatomy  of  the  air-bladder,  to  the  entire  exclusion  of  all  but 
the  slightest  reference  to  the  important  skeletal  modifications  which  are  associated 
with  the  peculiar  structure  of  that  organ  in  the  Siluridae,  or  to  the  auditory  ossicles. 
Beissner  (32)  has  given  a fairly  complete  account  of  the  singular  bone-encapsuled 
air-bladder  of  Rhinelepis,  but  among  the  most  valuable  of  recent  contributions  to  this 
branch  of  vertebrate  morphology  are  the  papers  by  Professor  Bamsay  Wright 
relating  to  the  aberrant  Siluroid  Hypophthalmus  (44),  and  to  the  more  normal  North 
American  species  Amiurus  catus  (42,  43),  to  which  reference  will  subsequently  be 
made.  In  this  connexion  reference  may  also  be  made  to  the  numerous  scattered 
references  to  the  air-bladder  of  the  Indian  Siluridse  contained  in  the  papers  of  the 
late  Dr.  Francis  Day  (9,  10),  which,  although  often  too  brief,  in  several  instances 
at  any  rate  are  valuable  as  throwing  some  light  on  the  degenerate  condition  of  that 
organ  in  certain  rare  abnormal  forms. 

It  is  remarkable  that  this  important  family  of  Fishes  has  so  little  occupied  the 
attention  of  morphologists,  especially  when  we  take  into  consideration  the  interesting 
modifications  which  its  various  members  have  undergone,  and  the  fact  that  in  this 
family  the  air-bladder  and  “auditory”  ossicles  are  subject  to  greater  variations,  and 
are  more  highly  specialized  than  in  any  other  group  of  Ostariophysese.  Probably  the 
main  reason  why  the  Siluridm  have  been  so  much  neglected  is  due  to  the  fact  that 
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they  are  principally  tropical  in  habitat,  or  live  in  remote  and  inaccessible  districts. 
Investigators  at  home  are  consequently  dependent  upon  the  exertions  of  collectors, 
who,  as  a rule,  do  not  pay  much  attention  to  Fishes,  and  the  relatively  few  species 
which  do  find  their  way  to  Europe  are  required  for  museum  specimens.  Fortunately 
for  us  we  had  the  opportunity  of  purchasing  the  third  series  of  the  Siluroids  collected 
by  that  eminent  ichthyologist,  the  late  Dr.  Bleeker,  who  had  amassed  a magnificent 
collection  of  East  Indian  Fishes,  amongst  which  the  Siluridse  were  well  represented. 
Subsequently  we  added  to  our  collection  what  other  specimens  we  were  able  to 
procure,  especially  African  and  South  American  species. 

The  object  of  the  present  communication  is  to  give  the  results  of  a detailed  study 
of  the  morphology  of  the  air-bladder,  and  “auditory”  ossicles,  and  the  associated 
skeletal  modifications  in  100  species  of  Siluridse,  referable  to  51  genera,  and  mainly 
belonging  to  Dr.  Gunther’s  sub-lamilies  of  Siluridse  Homalopterse,  S.  Heteropterso, 
S.  Proteropterse,  and  S.  Proteropodes.'"  Most  of  the  species  examined  and  described 
by  us  have  either  not  been  the  subject  of  any  recorded  observations,  or  the  accounts 
already  given  are  too  brief  to  be  of  much  value ; in  the  few  cases  in  which  it  is 
otherwise,  references  are  given  to  what  has  previously  been  recorded. 

The  physiological  significance  of  the  so-called  auditory  ossicles  is  still  an  unsettled 
problem,  and  one  of  the  objects  of  our  investigations  was  to  ascertain  how  far  the 
morphological  variations  of  the  mechanism,  and  of  the  air-bladder  and  auditory  organ, 
in  a large  series  of  forms  were  able  to  throw  any  light  on  this  difficult  question,  and 
failing  a satisfactory  solution  by  such  means,  we  shall  be  satisfied  if  our  results  are 
regarded  as  furnishing  the  experimental  physiologist  with  a sufficiently  wide  and 
accurate  basis  of  morphological  data. 

To  our  friend  the  late  Dr.  Francis  Day,  of  Cheltenham,  we  are  greatly  indebted 
for  the  gift  of  numerous  valuable  specimens  and  for  his  kindness  in  identifying  others. 
We  greatly  regret  that  he  is  not  now  living  to  receive  this  acknowledgment  of  our 
gratitude  for  his  liberality  and  interest  in  our  work.  We  are  also  indebted  to  Dr. 
Gunther  for  the  acquisition  of  one  or  two  species,  and  for  his  courtesy  in  allowing  us 
every  facility  in  examining  the  collection  committed  to  his  care ; and  also  to  Dr. 
Sidney  Lawrence,  of  Birmingham,  for  a small  but  valuable  series  of  South  American 
Siluroids  collected  by  himself.  We  desire  also  to  take  this  opportunity  of  thanking 
Professor  J.  H.  Poynting,  F.R.S.,  and  Dr.  W.  W.  J.  Nicol,  of  the  Mason  College, 
for  information  and  valuable  criticism  on  certain  physical  points,  and  the  Council 
of  the  Royal  Society  for  grants  to  one  of  us  from  the  Government  Research  Fund  in 
aid  of  these  investigadions.t 

* A preliminary  abstract  of  tins  paper  appeared  in  ‘ Hoy.  Soc.  Proc.,’  vol.  4G,  1889.  We  may  add  as 
a personal  explanation  that  this  investigation  was  commenced  by  us  several  years  ago,  but  for  various 
unavoidable  circumstances  it  had  repeatedly  to  be  laid  on  one  side. 

t The  figures  ilhistrating  this  Paper  were  drawn  from  nature  by  our  draughtsman,  Mr.  Henry 
Baenes,  of  Birmingham. 
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II.  Historical, 

It  is  unnecessary  for  us  to  say  anything  under  this  head.  Excellent  historical 
summaries  of  the  various  views  that  have  been  held  by  different  writers  as  to  the 
modifications  of  the  anterior  vertebrm  and  the  homologies  of  the  “auditory”  ossicles 
in  the  Ostariophysese  generally,  are  to  be  found  in  the  papers  of  Baudelot  (1)  and 
Sorensen  (37). 

III.  Morphology. 

In  describing  the  morphology  of  the  air-bladder  and  Weberian  ossicles,  and  the 
nature  of  the  modifications  which  the  anterior  vertebne  undergo  in  the  various  species 
of  Siluridie  that  we  have  had  the  opportunity  of  examining,  we  propose  to  follow  the 
system  of  classification  adopted  by  Dr.  Gunther  in  the  British  Museum  Catalogue  of 
this  family  (15)  and  to  deal  with  the  different  species  under  the  principal  subdivisions 
to  which  they  are  referred  in  that  work,  commencing  however  with  the  sub-family 
Siluridae  Proteroptene.  A comparison  of  the  species  enumerated  in  the  Catalogue 
with  those  described  in  our  paper  will  to  some  extent  indicate  the  range  of  our 
investigations.  As  we  have  followed  Dr,  Gunther  in  the  specific  names,  we  have 
omitted  the  authorities  for  them  in  the  text,  but,  in  the  few  instances  in  which  the 
species  are  not  referred  to  in  his  Catalogue,  the  authority  is  given  either  in  the  text 
or  in  the  index  of  species. 

Sub-Family  SILURID.®  PROTEROPTER.®. 

Group  : — Bagrina. 

Macrones  nemurus. 

We  select  for  detailed  description,  in  the  first  place,  the  Javan  species  Macrones 
nemurus. 

The  Vertehixd  Column. — 'In  this  species  certain  of  the  anterior  vertebroe,  from  the 
second  to  the  seventh  inclusive,  are  rigidly  connected  with  one  another,  partly  by  the 
anchylosis  of  more  or  fewer  of  their  centra,  neural  arches,  and  spinous  processes,  and 
partly,  also,  through  the  investment  of  the  lateral  surfaces  of  their  centra  by  a con- 
tinuous deposit  of  superficial  bone.  With  the  exception  of  those  belonging  to  the 
second,  third,  and  fourth  vertebree  the  distinctness  of  the  different  vertebral  elements 
is,  however,  always  more  or  less  clearly  indicated  by  the  existence  of  well-marked 
intervertebral  spaces  between  the  centra,  which  are  very  obvious  in  a vertical  longi- 
tudinal section  of  this  region  of  the  vertebral  column,  and  by  the  presence  of  sutures 
between  certain  of  the  confluent  neural  arches.  The  neural  spines,  on  the  other  hand 
(with  the  exception  of  those  belonging  to  the  third  and  fourth  vertebrae  which  are 
fused,  and  the  spine  of  the  second  vertebra  which  is  absent),  are  distinct,  although,  for 
the  most  part  they  arc  firmly  united  together,  but  only  by  suture.  Not  only  are  the 
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anterior  vertebrae  inflexibly  united  together,  but  their  connection  with  the  skull  is  of 
an  equally  rigid  character,  and  this  is  due  to  the  firm  articulation  of  the  transverse 
processes  of  the  fourth  vertebra  with  the  skull  through  the  intervention  of  the  post- 
temporal bones,  to  the  articulation  of  the  arch  and  spine  of  the  third  vertebra  with 
the  exoccipitals  and  supraoccipital,  and  to  the  development  of  strong,  interlocking- 
accessory  articular  processes  on  the  basioccipital  and  the  centra  of  the  first  and 
complex  vertebrae. 

We  defer  for  the  present  any  reference  to  the  “auditory  ossicles”  as  constituent 
elements  of  certain  of  the  anterior  vertebrae  beyond  remai-king  that  in  all  probability 
the  claustra  and  stapedes  of  Weber  respectively  represent  the  neural  spine  and  arch 
of  the  first  vertebra,  while  the  ossicles,  termed  incus  and  malleus  by  the  same  mor- 
phologist, respectively  correspond  to  the  arch  of  the  second  vertebra  and  the  transverse 
process  or  rib  of  the  third  vertebra. 

The  centrum  of  the  first  vertebra  (figs.  1,  2,  4,  and  5,  v.')  is  much  smaller  than  any 
of  the  normal  anterior  vertebral  centra,  being  represented  by  a thiu  discoidal  and  but 
slightly  biconcave  bone,  wedged  in  between  the  concave  posterior  face  of  the  basi- 
occipital and  the  concave  anterior  face  of  the  complex  centrum.  Its  ventral  surface  is 
furnished  with  a pair  of  accessory  articular  processes  which  fit  in  between  similar  but 
much  stronger  paired  processes  developed  from  the  ventral  margin  of  the  anterior 
extremity  of  the  complex  centrum,  and  also  from  the  ventral  surface  of  the  posterior 
end  of  the  basioccipital  (figs.  4 and  5,  ac.,  p.).  On  the  dorsal  surface  of  the  centrum, 
near  its  lateral  margins,  there  are  two  small  cup-shaped  sockets  for  the  reception  of 
the  rounded  condylar  processes  of  the  two  “ stapedes.”  The  centrum  is  quite  distinct 
from  the  basioccipital  and  complex  centrum,  although  rigidly  articulated  to  both. 

The  large  vertebra  which  succeeds  the  first  was  regarded  by  Weber  {loc.  cit.)  as  the 
second.  Baudelot  (1),  Grassi  (17),  and  Nusbaum  (29),  however,  subsequently 
showed  that  in  the  Cyprinidm  the  apparent  second  vertebra  is  really  formed  by  the 
complete  coalescence  of  the  centrum  of  tho  second  vertebra  with  that  of  the  third;  and 
a precisely  similar  fusion  was  believed  by  them  to  have  formed  the  “second”  vertebra 
of  Weber  in  the  Siluridee ; but  more  recently  Ramsay  Wright  (42,  43)  has  demon- 
strated on  developmental  grounds  that,  in  the  latter  family,  this  vertebra  is  even 
more  complex,  inasmuch  as  it  represents,  not  only  the  elements  already  recognised  by 
previous  writers,  but  also,  in  addition,  the  centrum,  arch,  and  spine  of  the  fourth  ver- 
tebra— or,  in  other  words,  the  “second”  vertebra  of  Weber  is  formed  by  the  complete 
coalescence  of  the  third  and  fourth  vertebrae  with  each  other  and  with  the  centrum  of  the 
second.  From  Ramsay  Wright’s  account  of  the  development  of  the  anterior  vertebrae 
in  the  North  American  Siluroid  Amiurus  catus,  it  would  appear  that  the  usual  inter- 
vertebral growth  of  the  notochord  does  not  take  place  between  the  centra  of  the  third 
and  fourth  vertebrae,  so  that  the  posterior  concavity  of  the  former  and  the  anterior 
concavity  of  the  latter  are  incompletely  developed  in  the  embryo  and  completely 
obliterated  in  the  adult ; and,  further,  that  the  second  and  third  vertebral  centra 
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become  indistinguishably  fused,  with  the  final  result  that  in  the  adult  the  three 
centra  are  anchylosed  into  one  apparently  simple  centrum.  Hence  it  follows  that  in 
Amiurus  the  first  intervertebral  enlargement  of  the  notochord  is  between  the  basi- 
occipital  and  the  body  of  the  first  vertebra,  the  second  between  the  latter  and  the 
second  vertebral  centrum,  and  the  third  enlargement  between  the  centra  of  the  fourth 
and  fifth  vertebrae.  The  same  observer  has  also  pointed  out  that  the  neural  canal 
over  this  composite  centrum  is  bounded  by  a continuous  tube  of  membrane  bone, 
which  originates  near,  and  apparently  replaces  in  the  adult,  the  rudimentary  cartila- 
ginous neural  arches  of  the  third  and  fourth  vertebrae  in  the  embryo.  The  neural 
spines  of  the  two  vertebrae,  on  the  contrary,  are  free  at  their  distal  extremities, 
although  proximally  they  are  continuous  with  each  other  and  with  the  tube  of  the 
membrane  bone. 

For  convenience  in  descriptive  anatomy  we  venture  to  propose  for  the  confluent 
second,  third,  and  fourth  vertebrae  the  term  “complex  vertebra.”  The  extent  to 
which  the  second  vertebral  centrum  enters  into  the  composition  of  the  complex 
centrum  is  not  altogether  clear.  According  to  Ramsay  Wright  (42),  it  “serves 
apparently  merely  to  deepen  the  anterior  concavity  of  the  third  vertebra,  although  in 
horizontal  sections  through  Fish  of  3 to  4 cm.  in  length  the  second  and  third 
vertebrae  appear  of  almost  equal  size.”  But,  from  the  description  and  figures,  it  would 
seem  that  the  second  and  third  centra  together  form  the  anterior  third  of  the 
complex  centrum,  the  remaining  two-thirds  representing  the  body  of  the  fourth 
vertebra.  On  similar  grounds  we  may  perhaps  regard  the  anterior  third  of  the 
continuous  neural  arch  of  the  complex  vertebra,  which  is  perforated  for  the  exit  of 
the  dorsal  and  ventral  roots  of  the  fourth  pair  of  spinal  nerves,  as  belonging  to  the 
third  vertebra,  and  the  posterior  two-thirds,  similarly  perforated  for  the  transmission 
of  the  fifth  pair  of  nerves,  as  representing  the  neural  arch  of  the  fourth  vertebra. 

Returning  to  Macrones  nemurus,  we  find  that  that  the  centrum  of  the  complex 
vertebra  is  much  larger  than  any  of  the  normal  centra,  and  has  its  posterior  concavity 
much  deeper  than  the  anterior  (figs.  2,  4,  and  5,  c.c.).  On  the  ventral  surface  of  the 
centrum,  near  its  anterior  extremity,  there  is  a pair  of  nutrient  foramina  (figs.  2 and 
5,  n.f.).  In  some  Siluridm,  but  not  in  Macrones,  there  is  a second  pair  behind  the 
first,  and  in  that  case  it  is  evident  that  the  two  pairs  are  the  normal  nutrient 
foramina  for  the  third  and  fourth  vertebrm.  The  anterior  extremity  of  the  complex 
centrum  is  provided  on  its  ventral  surface  with  a pair  of  stout  accessory  articular 
processes,  which  incline  forwards  towards  the  corresponding  processes  of  the 
basioccipital,  but  remain  separated  from  them  by  the  more  slender  articular  processes 
of  the  centrum  of  the  first  vertebra  (fig.  5).  The  centrum  of  the  fifth  vertebra  is  of 
still  greater  length,  being  about  equal  in  this  respect  to  the  complex  and  first  centra 
taken  together  (fig.  2,  v}).  Its  anterior  and  posterior  concavities  are  approximately 
equal  in  size,  although  the  latter  may  sometimes  be  slightly  the  deeper  of  the  two. 
Both  the  complex  and  fifth  centra  are  not  only  greatly  elongated  but  also  laterally 
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compressed,  so  as  to  present  the  appearance  of  a median  bony  keel  when  viewed 
from  the  ventral  surface.  The  sixth  centrum  is  much  smaller,  but  nevertheless 
somewhat  larger  than  the  normal  or  but  little  modified  centra  that  succeed  it 
(figs.  1 to  3,  v.^).  The  body  of  the  seventh  vertebra  (v.'^)  resembles  the  normal 
free  vertebral  centra,  except  that  its  ventro -lateral  margins  are  over-lapped  by  the 
splint-like  posterior  prolongations  of  the  superficial  ossifications.  The  remaining 
vertebral  centra  are  normal  and  free. 

The  neural  arches  of  the  third  and  fourth  vertebrae  form  the  continuous  bony  walls 
of  the  neural  canal  in  the  region  of  the  complex  centrum  ; posteriorly  they  appear  to 
be  completely  anchylosed  with  the  arch  of  the  fifth  vertebra,  which  in  turn  is 
partially  confluent  with  the  arch  of  the  sixth  vertebra,  at  all  events  only  very  faint 
indications  of  sutures  can  be  detected  between  them  (fig.  2).  In  young  specimens 
the  arches  of  the  fifth  and  sixth  vertebrae  are  readily  separable  from  each  other,  and 
also  as  a rule  from  the  arch  of  the  complex  vertebra,  the  completeness  of  the 
coalescence  being  largely  dependent  on  the  age  of  the  particular  specimen  examined. 
The  arch  of  the  seventh  vertebra  is  usually  quite  distinct  from  its  fellows  with  which, 
like  the  normal  free  vertebrae,  it  articulates  by  means  of  pre-  and  post-zygapophyses, 
but  in  old  specimens  it  also  may  become  partially  anchylosed  to  the  arch  in  front. 

In  a vertical  longitudinal  section  of  this  part  of  the  vertebral  column,  the  bony 
walls  of  the  neural  canal  are  seen  to  be  perforated  on  each  side  by  successive  pairs  of 
small  foramina  for  the  exit  of  the  dorsal  and  ventral  roots  of  the  fourth  to  the  eighth 
pairs  of  spinal  nerves  inclusive  (figs,  2,  5,  see  also  p.  98). 

The  second  vertebra  has  no  distinct  neural  spine.  The  spine  of  the  third  vertebra 
forms  a thin  vertical  and  much  elongated  lamina  of  bone,  which,  like  its  neural 
arch,  is  inclined  forwards  in  front,  and  articulates  with  the  exoccipitals  and  supra- 
occipital,  and  is  also  overlapped  along  the  greater  part  of  its  free  dorsal  edge 
by  a spine-like  backwardly-projecting  process,  derived  from  the  supraoccipital 
(figs.  1,  2,  4,  and  5,  n.s.^).  I’he  anterior  margin  of  the  lamina  is  much  thickened, 
and,  moreover,  is  slightly  bifid,  so  as  to  clip,  as  it  were,  the  posterior  edge  of  the 
supraoccipital,  at  the  junction  of  the  latter  with  the  two  exoccipitals,  but  usually  a 
small  remnant  of  intercalated  cartilage  (fig.  5,  it.c.)  still  persists  between  the  two. 
The  spine  of  the  fourth  vertebra  is  represented  by  a thickened  spur  of  bone,  of 
greater  length  than  the  foregoing,  with  which  it  is  continuous  anteriorly,  and 
inclined  obliquely  backwards  to  such  an  extent  as  to  overlap  the  much  shorter  and 
nearly  vertical  spines  of  the  fifth  and  sixth  vertebrae  (fig.  2,  n.s^).  Its  distal 
extremity  is  free  and  deeply  cleft,  so  as  to  clip,  and  thereby  su[>port,  the  central 
portions  of  the  two  anterior  interspinous  bones  of  the  dorsal  fin.  The  spinous 
processes  of  the  fifth,  sixth,  and  seventh  vertebrae  are  much  shorter,  and  so  crowded 
together  as  to  be  with  difiSculty  distinguishable  as  separate  elements,  although 
sutures  exist  between  them  as  well  as  between  the  spines  of  the  fifth  and  fourth 
vertebrae.  Their  distal  extremities  are  bifid,  and  support  the  proximal  extremities  of 
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the  first  four  interspinous  bones  (fig.  2).  The  succeeding  spines  are  distinct  and  free 
from  root  to  apex ; they  also  are  cleft  to  receive  the  remaining  interspinous  bones  of 
the  dorsal  fin. 

Between  the  forwardly  inclined  neural  arch  and  spinous  process  of  the  third 
vertebra,  behind  and  above,  the  body  of  the  first  vertebra  below,  and  the  posterior 
margin  of  the  neural  plate  of  the  exoccipital  in  front,  there  is  left  on  each  side 
a somewhat  triangular  space  where  the  lateral  wall  of  the  neural  canal  is  formed  only 
by  a tough,  fibrous  membrane,  in  which  the  claustrum  and  the  ascending  processes 
of  the  “incus”  and  “'stapes”  are  imbedded  (figs.  1,  2,  4,  and  5). 

Neither  the  first  nor  the  second  vertebra  has  any  trace  of  transverse  processes, 
and  in  the  third  vertebra  these  structures  may  be  represented  by  the  two  “ mallei.” 
The  transverse  processes  of  the  fourth  vertebra  on  the  other  hand  are  enormously 
developed,  forming  on  each  side  of  the  complex  vertebra  an  expanded  wing-like 
lamina  of  bone,  the  fiat  root  of  which  has  its  origin  not  from  the  centrum,  but  from 
the  whole  length  of  the  continuous  neural  arches  of  the  third  and  fourth  vertebroe 
(figs.  1,  3,  and  4,  The  under  surface  of  each  outgrowth  is  comparatively 

smooth,  and  slightly  concave  from  before  backwards,  but  its  dorsal  surface  is 
traversed  by  one  or  two  stout  ridges  radiating  outwards  from  the  neural  arch.  An 
oval  cleft,  near  the  anterior  extremity  of  its  distal  margin,  partially  subdivides  each 
lamina  into  an  anterior  and  a posterior  division,  of  which  the  former  is  somewhat  the 
longer  of  the  two  (^.jj.%.,  The  anterior  division  {t.p^a.)  has  a thick  root, 

continuous  behind  with  the  thinner  and  more  lamellar  posterior  division,  which  bends 
sliglitly  downwards  towards  its  distal  end,  and  is  ultimately  prolonged  into  a slender 
free  process  that  curves  sharply  downwards  and  then  outwards  and  a little  backwards, 
the  concavity  of  the  curvature  being  directed  outwards  (fig.  3,  At  the 

extremity  of  the  thickened  proximal  portion  of  the  division,  where  the  latter  joins  its 
crescentic  distal  prolongation,  there  is  an  oval  facet  which  looks  forwards  and 
outwards,  and  articulates  with  a similar  articular  facet  on  the  inferior  limb  of  the 
post-temporal  bone,  near  the  ventral  margin  of  the  post-temporal  plate  (figs.  1 and  4, 
Vt.f.).  The  posterior  division  {tp.^p.)  is  broad  and  comparatively  thin,  except  that 
its  dorsal  surface  is  strengthened  by  a stout  oblique  ridge  extending  outwards  from 
the  neural  arch  towards  the  distal  margin  of  the  process.  Its  posterior  edge  overlaps 
and  is  partially  anchylosed  to  the  proximal  half  of  the  succeeding  transverse  process, 
leaving  however  the  distal  portion  as  a broad,  free  process  of  bone  (figs.  1 and  3). 
Unlike  the  anterior  division,  the  posterior  is  horizontally  disposed  and  bears  a 
greater  resemblance  to  a normal  transverse  process  in  being  directed  slightly  upwards 
as  well  as  outwards.  Except  for  its  greater  length,  and  the  width  of  its  root,  which, 
like  that  of  its  predecessor,  springs  from  the  arch  of  its  vertebra,  the  transverse 
process  of  the  fifth  vertebra  more  nearly  resembles  an  ordinary  rib-bearing  process. 
The  distal  end  is  free,  being  separated  by  an  oval  cleft  fj-om  the  process  in  front,  but 
proximally  the  two  are  confiuent  (figs.  1 and  3,  tp.^). 
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It  will  be  obvious  that  the  modified  transverse  processes  of  the  fourth  and  fifth 
vertebrae  combine  to  form  on  each  side  of  the  complex  and  fifth  vertebrae  an  almost 
continuous  bony  plate,  with  a smooth  and  slightly  concave  ventral  surface  and  a 
strongly  deflected  anterior  margin,  which  is  adapted  and  intimately  applied  to  the 
convex  dorsal  and  anterior  walls  of  the  anterior  third  of  the  air-bladder. 

The  transverse  processes  of  the  sixth  vertebra  are  normal  except  for  the  slight 
coalescence  of  their  roots  with  the  corresponding  processes  of  the  fifth  vertebra. 
Their  origin  is  from  the  centrum  and  not  from  the  neural  arch,  and  their  distal 
extremities  carry  the  first  pair  of  ribs  (figs.  1 and  3,  tp.^,  r.'). 

Each  of  the  lateral  surfaces  of  the  complex  centrum  is  traversed  close  to  its 
anterior  margin  by  a faint  ridge  (fig.  4,  l.r.),  which,  commencing  at  the  base  of  the 
accessory  articular  processes,  passes  obliquely  backwards  and  upwards,  and  apparently 
indicates  the  anterior  limit  of  the  superficial  bony  deposit  which  invests  both  sides  of 
the  centrum.  To  the  dorsal  portion  of  this  ridge,  which  may  be  called  the  “ lateral 
ridge”  of  the  complex  centrum,  there  is  firmly  attached,  but  except  in  old  specimens  not 
actually  confluent  with  it,  an  elongated  nodule  of  bone  which  terminates  at  its  dorsal 
extremity  in  a thickened  nodular  prominence  (figs.  3 and  4,  r.n.).  From  the  relations 
of  this  ossicle  to  the  radial  fibres  of  the  malleus  we  shall  in  future  refer  to  it  as  the 
“radial  nodule.”  The  radial  nodule  generally  coincides  with  the  junction  of  the 
anterior  third  of  the  complex  centrum  with  the  posterior  two-thirds,  and  according  to 
Ramsay  Weight,  by  whom,  in  Amiurus,  it  is  apparently  referred  to  as  the  “ oblique 
ridge,”  indicates  the  line  of  union  of  the  third  and  fourth  vertebral  centra  in  the 
formation  of  the  complex  centrum.  In  young  specimens  the  nodule  is  united  by 
fibrous  tissue  only  to  the  lateral  ridge  but  in  older  forms  appears  to  become  firmly 
anchylosed  thereto.  From  the  thickened  dorsal  extremity  of  the  radial  nodule,  but 
separated  therefrom  in  young  specimens  by  a well-marked  suture,  a thin,  narrow  strip 
of  bone  (fig.  3,  d.l.)  extends  obliquely  backwards  and  outwards  ventrad  to  the 
cardinal  groove,  which,  in  consequence,  becomes  at  this  point  a complete  canal,  and 
ultimately  passes  on  to  the  ventral  surface  of  the  posterior  division  of  the  transverse 
process  of  the  fourth  vertebra,  and  blends  therewith  by  its  anterior  margin  and 
pointed  distal  extremity,  leaving,  however,  its  posterior  edge  projecting  in  the  form  of 
a faint  ridge.  In  mature  or  old  specimens  this  process,  which  we  shall  call  the  “ dorsal 
lamina,”  and  the  lateral  ridge,  form  a continuous  obliquely-disposed  ridge  of  bone 
sti’etching  from  the  side  of  the  complex  centrum  to  the  transverse  process  of  the  fourth 
vertebra,  the  radial  nodule  then  appearing  as  a small  nodular  projection  from  its  surface. 

A thin  but  continuous  superficial  ossification  more  or  less  coiiipletely  invests  each 
side  of  the  complex  and  fifth  centra,  and  obscures  all  external  indication  of  the 
intervertebral  suture  which  separates  them  (figs.  1 and  3,  s.os.).  Each  ossification  is 
somewhat  triangular  in  shape,  with  the  broad  base  coincident  with  the  ventro-lateral 
margins  of  the  two  centra,  and  its  anterior  and  posterior  margins  converging 
towards  the  flattened  root  of  the  transverse  process  of  the  fourth  vertebra,  where  the 
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apex  terminates  beneath  the  cardinal  groove  (cd.g.)  by  becoming  suturally  united  with 
the  oblique  posterior  or  inner  margin  of  the  dorsal  lamina  (fig.  3).  The  anterior  margin 
of  each  ossification  coincides  with,  and  indeed,  appears  to  form,  the  oblique  lateral 
ridge  of  the  complex  centrum.  Traced  posteriorly,  each  superficial  ossification  gradu- 
ally contracts  and  partially  exposes  the  lateral  surface  of  the  fifth  vertebral  centrum, 
but  is,  nevertheless,  continued  as  a narrow  splint  of  bone  along  the  ventro-lateral 
edge  of  the  succeeding  centra  as  far  as  the  seventh  (fig.  3).  The  free  ventral  margins 
of  the  two  ossifications  and  their  splint-like  prolongations  project  downwards  beyond 
the  ventral  surfaces  of  the  different  vertebral  centra  with  which  they  are  in  relation, 
so  as  to  form  the  lateral  boundaries  of  a deep  but  narrow  median  groove  extending 
from  the  first  to  the  seventh  vertebra  (figs.  3 and  23,  a.g.).  The  lateral  margins  of 
the  anterior  extremity  of  the  groove  are  formed  by  the  paired  accessory  articular 
processes  of  the  basioccipital  and  the  centra  of  the  first  and  complex  vertebrae.  The 
groove  has  a fibrous  ventral  wall,  in  part,  at  least,  formed  by  the  median  portion  of 
the  dorsal  wall  of  the  anterior  chamber  of  the  air-bladder,  and  in  the  canal,  so 
constituted  the  anterior  section  of  the  dorsal  aorta  is  lodged.  In  the  dry  skeleton 
paired  nutrient  foramina  may  be  seen  In  the  dorsal  wall  of  the  groove,  leading  into 
the  different  vertebral  centra  ; of  these  foramina  one  pair  only  belongs  to  the  complex 
centrum  (fig.  3).  Between  the  dorsal  edge  of  each  superficial  ossification  and  the  root 
of  the  transverse  ])rocess  of  the  fourth  vertebra,  the  lateral  surface  of  the  complex 
centrum  is  traversed  by  a deep  groove  which,  anteriorly,  is  converted  for  a short 
distance  into  a complete  canal  by  the  extension  of  the  dorsal  lamina  from  the  radial 
nodule  to  the  ventral  surface  of  the  transverse  process  (fig.  3,  cd.g.).  Through  this 
groove  and  short  canal,  the  posterior  cardinal  vein  passes  forwards  to  its  junction  with 
the  anterior  cardinal  in  front,  the  union  of  the  two  v^eins  to  form  the  Cuvierian  duct 
taking  place  in  a somewhat  triangular  fossa  situated  immediately  anterior  to  the 
radial  nodule.  The  attenuated  anterior  lobes  of  the  mesonephros  accompany  the 
posterior  cardinal  veins  as  they  extend  forwards  to  their  terminal  lymphoid  enlarge- 
ments in  front  of  the  air  bladder.  In  correspondence  with  the  asymmetrical 
development  of  these  veins  the  left  cardinal  groove  is  much  narrower  than  the  right. 

It  will  be  noticed  (fig.  3)  that  the  dorsal  edge  of  the  posterior  half  of  each  super- 
ficial ossification  forms  the  ventral  lip  of  the  cardinal  groove  of  its  side,  and  also,  in 
conjunction  with  the  hinder  margin  of  the  dorsal  lamina,  gives  rise  to  a A-shaped 
ridge,  the  two  arms  of  which  converge  from  the  ventro-lateral  margins  and  sides  of 
the  fifth  and  sixth  vertebral  centra,  and  from  the  ventral  surface  of  the  transverse 
process  of  the  fourth  vertebra,  eventually  uniting  on  the  root  of  the  latter,  near  the 
junction  of  the  body  of  the  fifth  vertebra  with  the  complex  centrum.  These  con- 
verging ridges  coincide  with  the  line  of  attachment  of  the  dorsal  margins  of  the 
primary  transverse  septum  of  the  air-bladder  to  the  skeleton. 

It  is  mainly  owing  to  the  growth  of  the  investing  superficial  ossification  and  their 
downward  projection  beyond  the  ventral  margins  of  the  anterior  vertebral  centra  that 
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the  vertebral  column  presents  the  appearance  of  a thin,  laterally  compressed,  median 
bony  keel,  when  viewed  from  the  ventral  surface. 

The  Cranium. — In  common  with  all  Siluroid  Fishes  the  skull  in  Macrones  exhibits 
not  a few  features  wherein  it  differs  considerably  from  the  normal  Teleostean  type, 
but  we  shall  here  refer  in  detail  only  to  such  of  its  structural  peculiarities  as  are  more 
or  less  closely  correlated  with  certain  characteristic  modifications  of  the  membranous 
labyrinth  of  the  internal  ear. 

The  dorsal  surface  of  the  hinder  part  of  the  skull  (figs.  1 and  4)  is  formed  by  the 
supraoccipital  (s.o.),  the  epiotic  (ep.o.),  the  pterotic  {pt.o.),  and  the  sphenotic  {sp.o.) 
bones.  In  the  absence  of  distinct  parietal  bones  the  supraoccipital  is  exceptionally 
large  ; anteriorly  it  is  deeply  cleft  by  the  posterior  cranial  fontanelle,  while  pos- 
teriorly it  is  produced  into  a spine-like  process  which  extends  backwards  dorsad  to 
the  confluent  spines  of  the  third  and  fourth  vertebrae  as  far  as  the  first  interspinous 
bone  of  the  dorsal  fin  (fig.  1,  so.').  Laterally,  the  supraoccipital  articulates  with  the 
epiotics,  pterotics,  and  sphenotics  ; anteriorly  with  the  frontals,  and  below  with  the 
exoccipitals.  The  posterior  face  of  the  bone,  immediately  over  the  foramen  magnum, 
is  traversed  by  a median  ridge  which,  superiorly,  is  confluent  with  the  horizontally 
flattened  root  of  the  supraoccipital  spine  (fig.  6),  and  on  each  side  of  the  ridge,  just 
beneath  the  root  of  the  spine,  there  is  a small  foramen  for  the  transmission  of  the 
lateral  branch  of  the  fifth  cranial  nerve  (fig.  6,  V^.). 

Each  exoccipital  (figs.  1 to  7,  eo.)  consists  of  a thin,  laterally  compressed  neural 
plate,  which  is  situated  at  the  side  of  the  foramen  magnum,  and  meets  the  supra- 
occipital above,  and,  in  addition,  is  prolonged  forwards  into  the  cranial  cavity  as  a 
vertical  plate  of  bone,  the  free  anterior  edge  of  which  forms  the  posterior  boundary  of 
a large  aperture  leading  from  the  general  cranial  cavity  into  a spacious  lateral  recess 
in  which  the  utriculus  and  its  semicircular  canals  are  lodged  (figs.  2 and  5,  eo.').  From 
the  outer  surface  of  its  neural  plate  each  exoccipital  gives  off  a posterior  plate  which 
extends  outwards  at  right  angles  to  the  foregoing  on  to  the  hinder  face  of  the  skull 
and  there  articulates  dorsally  with  the  supraoccipital  and  the  epiotic  (fig.  6,  eo.^). 
The  posterior  plate  eventually  extends  round  the  postero-lateral  angle  of  the  cranium 
on  to  the  lateral  surface,  where  it  occupies  the  place  normally  taken  by  the  opisthotic 
in  most  other  Teleostean  Fishes,  meeting  the  prootic  in  front,  the  lateral  margin  of 
the  basioccipital  below  and  the  pterotic  and  epiotic  bones  above  (figs.  3 to  5,  eo.^). 
The  opisthotic  plate  of  the  exoccipital  is  extremely  thin,  and,  in  the  complete  absence 
of  a true  opisthotic  element,  is  in  relation  internally  with  the  inferior  part  of  the  arch 
of  the  posterior  vertical  semicircular  canal.  A small  foramen  perforates  the  anterior 
margin  of  the  plate,  near  its  junction  with  the  prootic,  and  transmits  the  glosso- 
pharyngeal nerve  (fig.  4,  IX.),  and  somewhat  more  posteriorly  there  is  a much  larger 
aperture  for  the  exit  of  the  vagus  (X.).  The  hypoglossal  or  first  spinal  nerve  emerges 
from  the  cranial  cavity  through  a small  foramen  in  the  posterior  plate,  situated  in  the 
lower  part  of  the  angle  which  the  latter  makes  with  the  neural  plate  (fig.  4,  sp.n.'). 
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The  hasioccii^ital  (figs.  1 to  8,  h.o.)  has  a concave  posterior  face  provided  on  its 
ventral  margin  with  a pair  of  stout  accessory  articular  processes  for  articulation  with 
a pair  of  precisely  similar  processes  on  the  adjacent  ventral  edge  of  the  centrum  of  the 
first  vertebra  (figs.  4 to  6).  Anteriorly  to  these  and  on  each  of  its  lateral  surfaces 
the  basioccipital  is  furnished  with  a pair  of  short  but  stout  processes  for  articulation 
with  the  doubly-facetted  inner  extremity  of  the  inferior  limb  of  the  post-temporal  (figs. 
1,4,  and  6).  Midway  between  the  two  series  of  articular  processes  the  ventral  surface 
of  the  basioccipital  is  perforated  by  a single  median  nutrient  foramen  (fig.  3). 
Dorsally  the  bone  suturally  articulates  with  the  inferior  margins  of  all  three  ex- 
occipital  plates. 

The  superior  or  cranial  surface  of  the  basioccipital  is  deeply  excavated  to  form  the 
floor,  and  to  some  extent  the  side  walls  also,  of  three  fossae,  one  median,  the  “ cavum 
sinus  imparis”  of  Weber,  and  two  lateral,  the  “ foveae  sacculi.”  Horizontal 
ingrowths  from  the  inner  surfaces  of  the  exoccipitals  meet  over  the  dorsal  surface  of 
the  basioccipital  and  either  fuze  or  remain  separated  by  a median  suture,  thereby 
forming  a thin  bony  roof  for  the  three  fossae,  and,  at  the  same  time,  a section  of  the 
cranial  floor  on  which  the  medulla  oblongata  rests  (figs.  6 to  8,  e.o^).  The  floor  and 
side  walls  of  the  cavum  sinus  imparis  are  furnished  by  the  basioccipital  alone,  and  its 
roof  by  the  horizontal  exoccipital  plates  ; the  floor  and  inner  walls  of  the  foveae 
sacculi  are  also  supplied  by  the  basioccipital,  their  thin  roof  by  the  exoccipitals,  but 
the  thin  outer  walls  are  mainly  formed  by  the  inferior  margins  of  the  opisthotic  plates 
of  the  exoccipitals  (figs.  5,  7 to  9,  c.s.i.,  f.s.).  A comparison  of  these  figures  will 
sufficiently  illustrate  the  mode  of  formation  and  mutual  relations  of  the  three  fossae. 
In  fig.  8 the  roof  of  the  skull  has  been  removed  in  order  to  show  the  floor  of  the 
cranial  cavity  and  jthe  horizontal  plates  of  the  exoccipitals  in  situ  (e.o.^).  In  fig.  9 
these  plates  have  been  partially  removed  so  as  to  expose  the  cavum  (c.s.i.)  and  foveae 
(f.s.),  and  their  respective  contents  the  sinus  endolymphaticus  (s.e.)  and  the  two 
sacculi  (s.).  Fig.  5 represents  a vertical  longitudinal  section  through  the  cranium, 
bisecting  the  cavum  sinus  imparis  (c.s.i.)  ; while  fig.  7 was  drawn  from  a transverse 
section  through  the  hinder  part  of  the  skull  of  Macrones  aor,  and  shows  the  cranial 
cavity  separated  from  each  utricular  recess  by  the  intracranial  prolongation  of  the 
neural  plate  of  the  exoccipital  (e.o.'),  and  also  the  relative  positions  of  the  cavum  and 
the  two  foveae  (c.s.i.,  f.s.).  From  fig.  7 it  will  be  apparent  that  the  cavum  and  the 
foveae  He  paraliel  to  one  another,  but  inasmuch  as  the  latter  are  situated  more  towards 
the  sides  of  the  basioccipital  they  occupy  a slightly  lower  level,  and  individually  are, 
perhaps,  somewhat  smaller  than  the  former. 

The  foveae  sacculi  end  blindly  behind  but  in  the  dry  skeleton  the  cavum  sinus 
imparis  communicates  by  means  of  a triangular  and  slightly  constricted  aperture  with 
the  neural  canal  over  the  hinder  edge  of  the  basioccipital  (figs.  5,  6,  and  8,  c.s.i.). 
This  aperture  may  be  readily  seen  in  a view  of  the  posterior  face  of  the  skull, 
beneath  the  hinder  margin  of  the  roof  of  the  cavum  (figs.  6 and  8,  c.s.i.).  In  the 
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fresh  specimen,  on  the  contrary,  the  aperture  places  the  cavum  in  communication 
with  two  small  laterally-situated  cavities  which  lie  on  the  dorsal  surface  of  the 
hinder  part  of  the  basioccipital,  behind  the  posterior  edge  of  the  bony  roof  of  the 
cavum,  and  have  partly  osseous  and  partly  thick  fibrous  walls — the  “atria  sinus 
imparis”  of  Weber.  In  figs.  4,  5,  and  8,  it  will  be  noticed  that  the  posterior  edge  of  each 
exoccipital,  beneath  the  origin  of  its  horizontal  plates  that  roof  in  the  cavum  sinus 
imparis  and  fovem  sacculi,  is  deeply  notched  by  a semicircular  emargination  ; this 
notch  forms  the  anterior  half  of  the  external  atrial  aperture,  or  “ apertura  externa 
atrii”  of  Weber,  wdiich  normally  is  completely  closed  by  the  spoon-shaped  process  of 
the  stapes  of  its  side.  Anteriorly  the  cavum  and  fovese  open  into  a deep  transverse 
groove  in  the  cranial  surface  of  the  basioccipital,  situated  just  in  front  of  the  anterior 
margin  of  their  bony  roof  (figs.  5 and  8,  t.g.).  The  opening  of  the  cavum  is  by 
means  of  a relatively  small  and  somewhat  triangular  median  aperture ; the  fovese 
by  two  laterally  situated,  relatively  large,  and  somewhat  rounded  orifices  (fig.  5,f.s.) 
On  each  side  the  transverse  groove  communicates  by  a deep,  but  narrow,  slit-like 
prolongation  with  the  lateral  recess  of  the  cranial  cavity  {ut.r.)  in  which  the 
utriculus  and  its  semicircular  canals  are  lodged  (figs.  5 and  8,  l.g.).  The  transversely 
disposed  groove  contains  the  ductus  endolymphaticus,  and  its  slit-like  lateral 
prolongations,  the  ductus  sacculo-utricularis  of  that  side  (fig.  9,  d.e.,  d.s.u.).  At  the 
bottom  of  the  transverse  groove  the  dorsal  surface  of  the  basioccipital  is  raised  into 
a sharp  median  ridge  (fig.  8)  which  divides  behind  as  it  passes  beneath  the  horizontal 
roofing  plates  of  the  exoccipitals  into  two  divergent  vertical  ridges,  and  these  by 
their  union  above  with  the  exoccipital  plates  form  the  outer  w^alls  of  the  cavum  sinus 
imparis  and  at  the  same  time  the  inner  walls  of  the  two  fovese  sacculi  (fig.  7). 
Anteriorly  also  the  ridge  divides,  but  into  two  horizontally  diverging  arms  which 
together  form  the  antei’ior  rim  of  the  transverse  groove  (fig.  8).  In  front  of  the 
transverse  groove  the  two  prootics  meet  in  a median  suture  in  the  floor  of  the  cranial 
cavity.  In  close  proximity  to  this  suture  the  posterior  margin  of  each  prootic  is 
produced  into  a slender,  backward-projecting  spur  of  bone  which  forms  the  anterior 
lip  of  the  groove  for  the  ductus  sacculo-utricularis  and  also  overlies  the  entrance  to 
an  excavation  in  the  substance  of  the  prootic  into  which  the  contracted  anterior 
extremity  of  the  sacculus  penetrates. 

As  is  the  case  in  all  Teleostei  the  inner  wall  of  each  auditory  capsule  is  deficient 
and  hence  the  latter  appears  as  a deep  lateral  recess  of  the  hinder  part  of  the  cranial 
cavity  (figs.  5 and  8,  ut.r).  Externally  each  recess  is  bounded  by  the  prootic, 
sphenotic,  pterotic,  and  epiotic  bones,  and  also  by  the  posterior  opisthotic  plates  of 
the  exoccipital ; internally,  each  recess  is  in  wide  communication  with  the  general 
cranial  cavity.  The  entrance  to  each  recess  from  the  cranial  cavity  is  bounded  by 
two  prominent  ridges,  one  in  front  and  the  other  behind,  which  slightly  constrict  the 
communication  between  the  two  cavities  (fig.  5).  The  anterior  ridge  is  developed 
from  the  inner  surface  of  the  prootic,  and  its  free  edge  is  directed  obliquely  backwards, 
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while  the  posterior  ridge,  which  is  really  the  intracranial  prolongation  of  the  neural 
plate  of  the  exoccipital,  looks  directly  forwards.  Each  recess  is  prolonged  backwards 
to  the  outer  side  of  this  portion  of  the  exoccipital  until  it  becomes  closed  behind  by 
the  posterior  plate  of  the  same  bone  and  by  the  epiotic.  (See  transverse  section  of 
this  part  of  the  skull  in  fig.  7.) 

In  places  the  outer  walls  of  the  auditory  capsules  are  extremely  thin,  and  this  is 
notably  the  case  where  they  are  formed  by  the  epiotic  and  prootic  bones  and  by  the 
opisthotic  plates  of  the  exoccipitals.  Over  definitely  circumscribed  areas  these  bones 
are  almost  transparent  when  the  skiill  is  held  up  to  the  light. 

Although  foreign  to  the  subject  of  this  paper,  it  may  be  mentioned  that  at  each 
postero-lateral  angle  of  the  skull  there  is  a deep  fossa,  closed  internally  but  open 
externally,  and  formed  by  the  opposition  of  correlated  grooves  in  the  pterotic  and 
epiotic  in  front  and  behind  respectively,  and  by  the  supraoccipital  internally  and 
superiorly  (figs.  1,  4,  and  6,  tp.f.).  Eamsay  Wright  (43),  in  his  description  of  the 
skull  of  Amiurus  catus,  throws  out  the  suggestion  that  these  fossm  may  be  the 
atrophied  rudiments  of  somewhat  similar  cavities  described  by  Sagemehl'^'  as  present 
in  Amia  calva,  and  by  him  termed  the  temporal  fossse.  In  Macrones  each  fossa 
fulfils  the  function  of  an  articular  cavity  for  the  proximal  extremity  of  the  ascending 
process  of  the  post-temporal  (fig.  6). 

The  Pectoral  Girdle. — The  post-temporal  (supra-clavicle  of  Eamsay  Wright  and 
others)  is  the  only  element  of  the  shoulder-girdle  that,  for  our  purpose,  requires  any 
special  description. 

As  in  most  other  Teleostei,  the  post-temporal  is  somewhat  V-shaped,  its  two 
divergent  arms  articulating  with  the  postero-lateral  angle  of  the  skull  and  its  stem 
with  the  proximal  extremity  of  the  clavicle  (figs.  3 and  G).  Of  the  two  arms,  one, 
the  ascending  process,  is  somewhat  loosely  inserted  into  the  temporal  fossa  of  its  side 
(fig.  Q,pt.a.),  while  the  other,  or  inferior  limb  (pt.i.),  articulates  by  a doubly-facetted 
step-like  inner  extremity  with  a pair  of  suitably  modified  processes  on  the  lateral 
surface  of  the  basioccipital.  Externally  the  two  processes  converge,  and  eventually 
unite  to  form  the  post-temporal  stem  (fig.  6,  pt.s.).  The  latter  is  a flattened  process 
of  bone  continuous  superiorly  with  the  ascending  process,  and  so  superficially  situated 
that  its  outline  is  readily  seen  on  the  external  surface  of  the  body  behind  the  posterior 
edge  of  the  operculum  (fig.  15,  ^9^.).  From  the  inner  surface  of  the  stem,  and  also 
from  the  adjacent  ventral  margin  of  the  inferior  limb,  a relatively  thin,  transversely- 
disposed  plate  of  bone  grows  downwards,  and  is  so  arranged  that  its  two  surfaces  look 
directly  forwards  and  backwards  respectively  (figs.  3 and  6,  p)^-P-)-  posterior 

face  of  each  plate  is  comparatively  smooth,  and  at  the  same  time  faintly  concave,  and, 
moreover,  is  so  applied  to  the  crescentic  extremity  of  the  anterior  division  of  the 
transverse  process  of  the  fourth  vertebra  as  to  fill  up  the  concavity  of  the  latter,  and 

* “ Beitrage  zur  vergl.  Anat.  der  Fisclie.  Das  Cranium  von  Amia  calva."  ‘ Morpliol.  Jahrbuch, 
vol.  9,  1883. 
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also  project  outwards  beyond  it  (fig.  3).  In  fact,  the  outer  portion  qf  the  post- 
temporal plate  completes  the  circumference  of  a circular  bony  structure,  of  which  the 
ventral  and  inner  margins  are  furnished  by  the  crescentic  process.  The  latter  also 
helps  to  slightly  deepen  the  concavity  of  the  posterior  face  of  the  plate  by  strengthening 
as  it  were  its  inner  and  ventral  lips.  Along  the  dorsal  and  inner  margins  of  the  pos- 
terior face  of  each  plate  there  is  a curved  facet  for  articulation  with  a similarly  shaped 
surface  on  the  adjacent  anterior  edge  of  the  root  of  the  crescentic  process  (fig.  6,  yi). 
The  anterior  face  of  the  plate,  which  is  greatly  thickened  towards  the  centre,  is 
somewhat  convex,  and  is  also  traversed  by  a groove  continued  dorsally  into  a deep 
tubular  socket  for  the  reception  of  the  slender  proximal  extremity  of  the  clavicle 
(fig.  6,  cl.s.).  Both  the  post-temporal  plate  and  the  stem  of  the  bone  are  on  each 
side  firmly  united  to  the  crescentic  extremity  of  the  transverse  process  by  ligamentous 
fibres,  which,  in  turn,  blend  with  the  lateral  margins  of  the  transverse  and  aponeu- 
rotic membranes  (vide  p.  88).  The  union  of  each  plate  with  the  crescentic  process  is 
further  strengthened  by  a strong  ligament  which  passes  between  the  concave  margin 
of  the  latter  and  a slight  depression  near  the  inner  edge  of  the  posterior  face  of  the 
former  (fig.  3,  Igt.).  The  post-temporal  plates  and  the  two  crescentic  processes 
combined  form  two  slightly  concave  bony  structures  which  are  closely  applied  to  the 
corresponding  lateral  portions  of  the  anterior  wall  of  the  air-bladder  (fig.  3). 

The  clavicle  (fig.  3,  cl.),  in  addition  to  a slender  head  articulating  with  the  post- 
temporal in  the  manner  described,  has  a well-marked  posterior  process  projecting 
backwards  dorsad  to  the  articulation  of  the  pectoral  fin,  but  considerably  ventrad  to 
the  distal  extremities  of  the  modified  transverse  processes  of  the  fourth  and  fifth 
vertebrae  {cl.p.). 

The  lateral  line  canal  traverses  a well-marked  groove  in  the  outer  surface  of  the 
ascending  process  of  the  post-temporal  as  it  passes  forwards  from  the  lateral  surface 
of  the  trunk  to  the  skull. 

The  Auditory  Organ. — We  are  not  acquainted  with  any  recorded  observations  as 
to  the  structure  and  relations  of  the  various  parts  of  the  membranous  labyrinth  in 
Macrones,  and  the  results  of  our  own  dissections  are  such  that  we  have  but  little  to 
add  that  is  not  merely  confirmatory  of  the  investigations  of  previous  observers  in 
other  Siluroids,  but  as  so  very  few  species  have  been  examined  a brief  description  of 
the  internal  ear  of  Macrones  may  not  be  altogether  superfluous. 

A comparison  of  figs.  8 and  9 will  serve  to  indicate  the  relations  of  the  different 
factors  of  the  membranous  labyrinth  to  one  another  and  to  the  osseous  chambers  in 
which  they  severally  lie.  In  fig.  9,  the  fibrous  roof  of  the  atria  sinus  imparis  has 
been  removed,  and  also  the  bony  roof  of  the  cavum  sinus  imparis  and  fovem  sacculi, 
so  as  to  show  the  mutual  relations  of  the  two  sacculi,  the  sinus  endolymphaticus,  and 
the  ductus  endolymphaticus  to  one  another  and  to  the  rest  of  the  internal  ear,  as 
well  as  the  relations  of  the  sinus  endolymphaticus  to  its  cavum  and  to  the  two  atria 
into  which  the  latter  opens  posteriorly. 
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The  utriculus  (%.  9,  ut.)  is  a somewhat  oblong  sac  lying  in,  bnt  without  com- 
pletely^ filling,  the  utricular  recess  (figs.  7 and  8,  ut.r.),  and  sharply  constricted  off  from 
the  sacculus  (fig.  9,  5.)  although  connected  with  the  latter  by  a short  but  compara- 
tively narrow  ductus  sacculo-utricularis  (d.s.u.).  The  three  semicircular  canals 
connected  with  each  utriculus  traverse  the  various  periotic  bones  with  which  they  are 
in  relation  for  only  a very  limited  portion  of  their  extent,  and  for  the  most  part  lie 
free  in  the  utricular  recess.  The  arch  of  the  posterior  vertical  canal  [p.v.c.)  traverses 
the  supraoccipital  and  epiotic ; the  horizontal  canal  (h.c.)  occupies  a groove  on  the 
inner  surface  of  the  epiotic,  and  for  the  remainder  of  its  course  a short  canal  in  the 
pterotic ; the  anterior  vertical  canal  {a.v.c.)  has  its  arch  but  slightly  protected  by  a 
short  canal  in  the  prootic  and  a deep  groove  in  the  sphenotic.  An  oblique  valve, 
similar  to  that  described  by  Ramsay  Wright  (43)  in  the  case  of  Amiurus  catus,  is 
also  to  be  found  in  the  narrow  lumen  of  the  ductus  sacculo-utricularis  of  2Iacrones. 

The  sacculus  (fig.  9,  s.)  is  an  elongated  sac,  expanded  and  somewhat  pear-shaped 
behind,  but  tapering  in  front.  Its  narrow  anterior  extremity  penetrates  into  a slight 
excavation  in  the  hinder  margin  of  the  prootic,  but  the  posterior  portion,  with  its 
lagaena  cochleae,  occupy  a bony  chamber  of  a similar  shape — the  fovea  sacculi — the 
formation  of  which  has  already  been  described.  From  the  inner  surface  of  the 
sacculus,  before  the  latter  enters  its  fovea,  a thin-walled  transverse  duct  is  given  off, 
which  extends  inwards,  and  in  the  median  line  of  the  floor  of  the  cranial  cavity  joins 
the  corresponding  duct  of  the  opposite  side,  and  the  two  together  constitute  the 
transversely  disposed  ductus  endolymphaticus  {cl.e.).  The  ductus  occupies  the  deep 
transverse  groove  in  the  cranial  surface  of  the  basioccipital  (figs.  5 and  8,  t.g.), 
while  the  ductus  sacculo-utricularis  traverses  a slit-like  groove  leading  from  the  trans- 
verse groove  into  each  utricular  recess  {l.g.).  At  a point  where  the  two  canals  unite 
the  ductus  endolymphaticus  gives  off  a median,  pear-shaped,  and  extremely  thin- 
walled  sinus  endolymphaticus  (the  “sinus  impar  ” of  Weber)  which  projects  back- 
wards into,  and  almost  fills,  the  cavum  sinus  imparis  (fig.  9,  s.e.). 

In  our  description  of  the  mode  in  which  the  cavum  sinus  imparis  and  the  fovem 
sacculi  are  formed  we  stated  that  the  latter  were  closed  behind,  but  that  the  former 
in  the  dry  skeleton,  communicated  freely  with  the  neural  canal  over  the  dorsal  surface 
of  the  hinder  part  of  the  basioccipital.  In  the  fresh  specimen,  on  the  contrary,  the 
cavum  widens  out  round  the  blind  posterior  extremities  of  the  two  fovese  into  two 
small,  laterally-situated,  and  nearly  spherical  cavities  (the  “atria  sinus  imparis”  of 
Weber)  which  lie  on  the  upper  surface  of  the  posterior  part  of  the  basioccipital, 
and  have  partly  bony  and  partly  fibrous  walls  (fig.  9,  at.).  The  roof  of  tlie  atria 
is  formed  anteriorly  by  an  extension  backwards  of  the  bony  roof  of  the  cavum  sinus 
imparis,  and  posteriorly  by  a prolongation  forwards  of  the  fibrous  posterior  wall.  The 
posterior  wall  of  the  two  atria  is  formed  by  a thick  mass  of  fibrous  tissue  (p.iv.) 
which  rests  on  the  dorsal  surface  of  the  centrum  of  the  first  vertebra,  between  the 
pit-like  sockets  for  the  reception  of  the  two  condylar  processes  of  the  stapedes,  and 
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doi’sally  is  continued  forwards  as  a roof  to  the  atria,  as  far  as  the  hinder  edge  of  the 
roof  the  cavum  sinus  imparis,  where  it  apparently  becomes  continuous  with  the  very 
thin  layer  of  dura  mater  investing  the  inner  surface  of  the  cranial  bones.  In  the 
anterior  wall  is  the  median  foramen,  through  which  the  two  atrial  cavities  freely 
communicate  with  the  cavum  sinus  imparis,  but  on  each  side  of  this  the  anterior  wall 
is  formed  by  the  concave  posterior  edge  of  the  root  of  the  exoccipital.  The  floor  of 
the  atria  is  formed  by  the  basioccipital,  while  their  outer  walls  coincide  with  two 
deep  semicircular  notches  in  the  posterior  margins  of  the  exoccipitals.  The  notch 
in  each  exoccipital,  with  the  adjacent  dorso-lateral  margin  of  the  basioccipital,  form 
the  anterior,  superior,  and  inferior  boundaries  of  a lateral  orifice  (at. a.),  the  “ apertura 
externa  atrii  ” of  Weber — by  which  each  atrium  would  communicate  with  the 
exterior  of  the  skull  were  it  not  that  the  aperture  is  completely  closed  by  the  spoon- 
shaped extremity  of  the  “stapes”  of  its  side  (fig.  9,  sc.s.,  also  figs.  4 and  5,  at. a.). 
The  posterior  boundary  of  each  external  atrial  aperture  is  formed  by  the  same 
thick  mass  of  fibrous  tissue  that  forms  the  posterior  atrial  wall.  The  inwardly 
curved  inferior  extremities  of  the  two  claustra  lie  immediately  over  the  external 
atrial  apertures,  and  may  help  to  strengthen  their  dorsal  lips,  and  possibly  also 
contribute  to  the  support  of  the  atrial  roof.  The  two  atrial  cavities  are  in  open 
communication  with  each  other  and  with  the  cavum  sinus  imparis  anteriorly  ; in 
fact,  if  it  were  not  for  a thick  vertical  ridge  of  fibrous  tissue  projecting  inwards 
from  the  median  line  of  their  posterior  wall  (fig.  9),  they  might  be  regarded  as 
constituting  a single  transversely-disposed  chamber.  Essentially,  the  two  atria  may 
be  considered  as  forming  a bilobed  posterior  prolongation  of  the  cavum  sinus  imparis 
excavated  in  the  substance  of  a thick  mass  of  fibrous  tissue  which  forms  the  floor 
of  the  neural  canal  over  the  body  of  the  first  vertebra  and  the  contiguous  dorsal 
surface  of  the  basioccipital.  The  fibrous  tissue  forming  the  roof  and  posterior  wall 
of  the  atrial  cavities  is  continuous  laterally  with  the  fibrous  walls  of  the  neural 
canal  between  the  arch  of  the  third  vertebra  behind,  and  the  exoccipitals  in 
front. 

In  his  account  of  these  structures  in  Amiurus,  Ramsay  Weight  (43)  describes  an 
anteriorly  bilobed  median  excavation  in  the  substance  of  the  tissue  overlying  the 
medulla  oblongata  which  is  said  to  communicate  on  each  side  with  the  atrial  cavities. 
This  excavation  or  receptaculum  dorsale  is  described  as  being  “ filled  with  the  same 
fluid  contents  as  the  atria  and  cavum.”  A precisely  similar  receptaculum  exists 
in  Macrones,  and  communicates  with  the  atrial  cavities  by  an  aperture,  which,  on 
each  side,  perforates  their  fibrous  roof  near  the  superior  border  of  the  sjiatulate 
portion  of  the  “stapes.” 

From  the  position  and  relations  of  the  various  factors  of  the  membranous  labyrinth 
and  of  the  bony  chambers  or  recesses  in  which  they  He,  it  will  follow  that  the 
perilymph  will  not  only  surround  the  utriculiis  and  semicircular  canals,  but  also 
extend  into  the  fovem  sacculi  and  cavum  sinus  imparis,  and  surround  their 
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respective  contents,  the  saccuh  and  sinus  endolymphaticus,  eventuall}’-  filling  the 
two  atrial  cavities  and  bathing  the  inner  surfaces  of  the  spoon-shaped  processes 
of  the  “ stapedes.” 

The  Weberian  Ossicles. — A series  of  moveabl}'’  interconnected  ossicles  which, 
morphologically,  are  modified  portions  of  the  three  anterior  vertebrae,  serve  to 
connect  the  membranous  labyrinth  with  the  air-bladder  and  thereby  establish  close 
physiological  relations  between  the  two  structures.  As  we  have  already  pointed 
out,  the  most  anterior  of  these  in  Macrones  fits  into  and  completely  closes  the 
external  atrial  aperture  of  its  side  and  is  therefore  in  contact  by  its  inner  surface 
with  the  perilymph  ; the  most  posterior  of  its  ossicles  has  the  hinder  half 
imbedded  in  the  dorsal  wall  of  the  anterior  chamber  of  the  air-bladder.  Fig.  24 
shows  the  general  relations  of  the  ossicles  to  one  another,  and  to  the  membranous 
labyrinth  and  air-bladder,  and  in  figs.  3 to  5 they  are  represented  as  they  appear 
in  situ.'"'' 

In  Macrones  each  claustrum  (figs.  4,  5 and  10,  c.)  is  imbedded  in  the  fibrous 
wall  of  the  neural  canal  between  the  arch  of  the  third  vertebra  and  the  exoccipital, 
and  lies  at  the  side  of  the  foramen  magnum,  immediately  behind,  and  almost 
in  contact  with,  the  posterior  edge  of  the  neural  plate  of  the  exoccipital.  It  is  a 
slender  spicular  bone,  slightly  curved  at  its  lower  extremity  where  it  is  received 
into  the  angle  between  the  ascending  and  spatulate  processes  of  the  scaphiura, 
and  separated  by  the  somewhat  contracted  root  of  the  latter  process  from  the  body 
of  the  first  vertebra  (figs.  4 and  5,  c.).  The  upper  extremity  of  the  ossicle  is  in 
contact  with,  and  may  even  extend  into,  the  intercalated  cartilage  between  the  spine 
of  the  third  vertebra  and  the  supraoccipital,  while  the  inferior  incurved  extremity 
coincides  with  tlie  level  of  the  posterior  margin  of  the  roof  of  the  cavum  sinus  imparis 
and  extends  into  and  helps  to  strengthen  the  roof  of  the  atrial  cavity  of  its  side. 
Although  in  close  contiguity  with  the  scaphium  by  its  lower  extremity,  the  claustrum 
is  not  specially  attached  to  it,  nor  does  it  appear  that  the  claustrum  can  in  any  way 
control  or  influence  the  movements  of  the  scaphium. 

The  scaphium  (figs.  10  and  11,  also  figs.  4 and  5,  i>c.)  lies  just  behind  the 
claustrum,  and  consists  of  two  processes  united  at  a right  angle,  an  ascending  process 
(figs.  10  and  11,  sc.a.)  and  a horizontal  or  spatulate  process  (sc.s.).  The  former  is 
imbedded  in  the  fibrous  wall  of  the  neural  canal  behind  and  parallel  to  the  claustrum 
(figs.  4 and  5,  sc.a.),  and  consists  of  a slender  spicule  of  bone  with  a slight  forward 
curvature  and  a pointed  upper  extremity  ; the  latter,  which  has  its  origin  from  the 
inferior  extremity  of  the  ascending  process  by  a somewhat  contracted  root,  passes 

* For  reasons  already  given  (.5),  we  have  suggested  that  the  names  applied  to  three  of  these  ossicles, 
by  Webek,  viz.,  “malleus,”  “incus,”  and  “stape.s,”  may,  with  advantage,  be  replaced  by  “tripus,” 

“ intercalarium,”  and  “ scaphium,”  respectively,  retaining,  however,  the  term  “ claustrum  ” for  the 
fourth  ossicle,  while  for  the  ossicles  collectively,  we  suggested  the  name  “Weberian”  in  preference  to 
“ auditory.” 
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horizontally  forwards  over  the  dorso-lateral  edge  of  the  centrum  of  the  first  vertebra 
and  beneath  the  lower  extremity  of  the  claustruin,  and  finally  terminates  on  the 
lateral  margin  of  the  dorsal  surface  of  the  basioccipital  in  a characteristic  spoon- 
shaped expansion,  which  is  concave  on  its  inner  surface  and  convex  externally  (figs.  4 
and  5,  sc.s.).  The  spatulate  process  is  so  adapted,  as  regards  shape  and  size,  as  to 
accurately  fit  into  and  completely  occupy  the  semicircular  notch  in  the  posterior 
margin  of  the  exoccipital,  and  consequently  to  form  by  its  inner  concave  surface  the 
outer  wall  of  the  atrial  cavity  of  its  side,  and  completely  close  the  corresponding 
external  atrial  aperture  (figs.  4,  5,  and  9,  sc.s.).  The  margin  of  the  concavo-convex 
portion  of  the  spatulate  process  is  attached  by  fibrous  tissue  to  the  lips  of  the  atrial 
aperture,  but  the  connection  is  nevertheless  sufiiciently  loose  to  admit  of  the  process 
undergoing  a slight  inward  or  outward  movement,  according  to  the  direction  in  which 
the  scaphium  rotates  on  its  condylar  process,  and  any  such  movement  will  necessarily 
lead  to  a slight  diminution  or  increase  in  the  size  of  the  atrial  cavity.  Enlargement 
of  the  atrial  cavities  will  take  the  form  of  lateral  extension  round  the  concave 
posterior  edge  of  the  root  of  the  exoccipital  {vide  fig.  8,  at.a.).  On  the  inferior  side 
of  the  junction  of  the  spatulate  and  ascending  processes  there  is  a small  spherical 
cartilage-tipped  condyle,  which  fits  into  a cup-shaped  socket  provided  for  it  on  the 
dorso-lateral  surface  of  the  centrum  of  the  first  vertebra  (figs.  10  and  11,  sc.c.  ; also 
fig.  5,  sc.).  The  inner  extremity  of  a stout  tendinous  interossicular  ligament  is 
attached  to  the  outer  surface  of  the  spatulate  process,  and  serves  to  connect  the 
scaphium  with  the  anterior  extremity  of  the  tripus  (fig.  12,  i.lg.,  also  figs.  9 and  4). 

Like  the  scaphium  the  intercalarium  consists  of  ascending  and  horizontal  processes 
united  at  nearly  a right  angle  (figs.  9 to  12,  in.,  also  figs.  4 and  5).  Both  processes 
are  extremely  slender  and  brittle.  The  ascending  process  (fig.  10,  in.a.)  lies  in  the 
fibrous  wall  of  the  neural  canal  behind  and  parallel  to  the  corresponding  process  of  the 
scaphium  and  immediately  in  front  of  the  arch  of  the  third  vertebra  (figs.  4 and  5,  in.). 
At  its  lower  extremity  the  process  becomes  continuous  by  a slightly  open  curvature 
with  the  horizontal  portion  of  the  ossicle  (figs.  10  and  12,  in.h.).  The  latter  process 
is  directed  outwards  and  a little  forwards,  and  eventually  terminates  in  a discoidal 
expansion  imbedded  in  the  substance  of  the  interossicular  ligament  exactly  midway 
between  the  insertion  of  the  latter  into  the  spatulate  process  of  the  scaphium  and  its 
external  attachment  to  the  anterior  end  of  the  tripus  (fig.  12,  in.h.).  The  inter- 
calarium differs  from  both  the  trlpus  and  scaphium  in  having  no  connection  or  articula- 
tion with  any  vertebral  centrum  or  other  part  of  the  skeleton  ; nevertheless,  its 
ascending  process  is  capable  of  a limited  amount  of  rotation  on  its  own  axis  as  the 
horizontal  process  moves  backwards  or  forwards  with  the  lateral  motion  of  the  tripus 
and  the  consequent  pull  of  the  interossicular  ligament. 

The  interossicular  ligament  (figs.  9,  12,  21,  and  22,  i.lg.  ; also  fig.  4)  is  a short  but 
relatively  to  its  length,  extremely  thick,  transversely-disposed  ligament,  composed  of 
glistening  tendinous  fibres  of  a yellowish  colour,  and  stretching  between  its  attach- 
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ment  to  the  outer  surface  of  the  spatulate  process  of  the  scaphium  internally  and  its 
insertion  into  the  anterior  extremity  of  the  tripus  externally.  The  insertion  of  the 
discoidal  extremity  of  the  horizontal  process  of  the  intercalarium  into  the  middle  of 
the  ligament  completely  divides  the  latter  into  two  portions,  the  fibres  from  the 
scaphium  being  inserted  into  the  inner  face  of  the  disc,  while  those  passing  to  the 
tripus  have  their  origin  from  its  external  face. 

The  tripus  (figs.  12  to  14,  tr.)  difters  considerably  in  shape  from  both  the  scaphium 
and  intercalarium,  and  is  a much  larger  ossicle  than  either.  In  shape  it  is  a thin 
flattened  bone  with  its  surfaces  looking  respectively  upwards  and  downwards  and  its 
margins  inwards  and  outwards.  The  whole  extent  of  the  outer  margin  is  convex,  but 
much  more  so  posteriorly  than  anteriorly ; its  inner  margin,  on  the  other  hand,  pre- 
sents two  concavities,  a very  slight  anterior  one,  but  a much  deeper  one  posteriorly. 
As  the  tripus  passes  forwards  from  its  posterior  insertion  into  the  dorsal  wall  of  the 
air-bladder  to  its  ligamentous  connection  with  the  intercalarium  and  scaphium  in  front 
it  lies  along  the  lateral  surfaces  of  the  complex  centrum  and  the  body  of  the  first 
vertebra,  and  for  the  hinder  two-thirds  of  its  extent  is  in  close  relation  by  its  dorsal 
surface  with  the  under  side  of  the  broad  flat  root  of  the  transverse  process  of  the  fourth 
vertebra  (figs.  3 and  4,  ti'.a.,  tr.c.).  The  ossicle  is  divided  into  three  well-marked  and 
extremely  characteristic  })rocesses  which  have  much  the  same  general  relations  to  one 
another  that  the  ramus,  the  condyle,  and  the  angular  process  have  in  the  Mammalian 
lower  jaw.  For  reasons  which  will  be  sufficiently  obvious  we  may  designate  them  the 
anterior,  articular,  and  crescentic  processes.  The  anterior  process  (figs.  12  to  14,  tr.a.) 
lies  along,  and  parallel  to,  but  by  no  means  in  contact  with,  the  lateral  surfaces  of  the 
body  of  the  first  vertebra  and  the  anterior  third  of  the  complex  centrum,  or,  more 
strictly  speaking,  in  a line  with  the  junction  of  the  dorsal  and  lateral  surfaces  of  those 
centra,  but  its  anterior  extremity  projects  so  far  in  front  of  the  centrum  of  the 
first  vertebra  as  to  be  exactly  opposite  the  external  atrial  aperture,  and  the  convex 
outer  surface  of  the  spatulate  process  of  the  scaphium  (figs.  4,  9,  21,  and  22).  The 
anterior  process  is  a thin,  flattened,  lamina  of  bone,  slightly  convex  along  the  outer 
margin,  and  as  faintly  concave  on  its  inner  border.  The  somewhat  greater  length 
of  its  outer  as  compared  with  the  inner  margin,  gives  to  the  truncated  anterior 
extremity  of  the  process  a slightly  thickened  and  nearly  straight  edge,  which  looks 
directly  inwards  towards  the  spatulate  process  of  the  scaphium,  and  it  is  to  this 
thickened  edge  that  the  outer  extremity  of  the  interossicular  ligament  is  attached. 
The  crescentic  process  is  a direct  continuation  backwards  of  the  anterior  process,  and, 
like  the  latter,  is  thin  and  flattened,  although  much  more  slender.  Nomially,  the 
whole  of  the  process,  with  the  exception,  perhaps,  of  a small  portion  of  its  root,  is 
imbedded  in  the  tunica  externa  of  the  corresponding  half  of  the  dorsal  wall  of  the 
anterior  compartment  of  the  air-bladder  (figs.  18  and  19,  D\c.).  The  root  of  the 
crescentic  })rocess  is  In  a line  with  the  anterior  process,  but  for  the  posterior  two- 
thirds  of  its  extent  the  process  becomes  more  slender,  and  at  the  same  time,  rather 
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abruptly  bent  inwards  upon  itself,  so  that  its  posterior,  or,  more  correctly,  its  inner 
extremity,  which  is  slightly  decurved,  is  in  contact  with  the  lateral  surface  of  the 
complex  centrum  at  a point  behind  and  above  the  thickened  dorsal  extremity  of  the 
radial  nodule  (fig.  3).  In  shape  the  process  greatly  resembles  a sickle,  having  its 
inner  concave  edge  partially  encircling  the  radial  nodule,  and  its  convex  outer  margin 
directed  at  first  outwards,  and  then  bent  directly  inwards.  From  the  convex  outer 
mai-gin,  and  at  the  point  where  the  process  first  commences  to  curve  inwards  towards 
the  complex  centrum,  a slender  heel-like  process  is  given  off  which  is  directed  out- 
wards and  a little  forwards  towards  the  antero-lateral  angle  of  the  air-bladder  (figs. 
12  to  14,  tr.h.  ; also  figs.  3,  18,  and  19).  Although  not  in  actual  contact,  the 
crescentic  process,  the  root  of  the  transverse  process  of  the  fourth  vertebra,  is 
intimately  related  to  its  dorsal  surface.  The  articular  process  of  the  tripus  is  a 
somewhat  triangular  outgrowth  from  the  inner  margin  of  the  ossicle  at  the  junction 
of  its  anterior  and  crescentic  processes  (figs.  12  to  14,  tr.cu\).  The  process  is 
flattened  in  a horizontal  plane,  and  its  upper  and  lower  surfaces  coincide  in  direction 
with  those  of  the  remainder  of  the  ossicle.  Near  the  anterior  margin  of  its  dorsal 
surface  there  is  a thin  vertical  ridge,  which  slopes  upwards  towards  the  distal  or 
inner  extremity  of  the  process,  and  then  becomes  a vertical  elongated  condyle  (fig.  13, 
dr.).  The  condyle  articulates  with  the  lateral  surface  of  the  anterior  third  of  the 
complex  centrum,  that  is,  the  centrum  of  the  third  vertebra,  at  the  bottom  of  the  deep 
pit-like  depression,  situated  immediately  in  front  of)  and  dorsad  to,  the  radial  nodule. 
A vertical  ridge  also  traverses  the  ventral  surface  of  the  crescentic  process,  com- 
mencing at  the  root  of  the  heel-like  j)i'Ocess,  and  from  thence  extending  obliquely 
forwards  and  inwards  on  to  the  ventral  surface  of  the  articular  process  (figs.  12  and 
14,  v.r.)  The  ridge  lies  much  nearer  to  the  inner  than  the  outer  margin  of  the 
crescentic  process,  and  for  a part  of  its  course  follows  the  curvature  of  the  former. 
Only  a slight  interval  separates  the  anterior  end  of  the  ridge  from  the  thickened 
dorsal  portion  of  the  radial  nodule,  the  two  being  exactly  opposite  each  other  (figs. 
3 and  20).  We  shall  call  this  ridge  the  ventral  ridge  of  the  tripus. 

The  tripus  is  freely  moveable  in  a lateral  plane  on  its  articulation  with  the  complex 
centrum  by  means  of  the  articular  process,  and  it  is  evident  that  its  anterior  and 
crescentic  processes  represent  the  two  arms  of  a lever,  the  fulcrum  of  which  is  the 
vertebral  connection  of  the  articular  process. 

We  append  the  following  measurements  of  the  Weberian  ossicles  of  a specimen  of 
Macrones  nemurus  eight  inches  in  length,  but  it  may  be  remarked  that  the  dimensions 
of  the  ossicles  are  liable  to  considerable  variation  according  to  the  size  of  the  particular 
example  examined  : — 
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Scapldum.  mm. 

Length  of  ascending  process,  including  the  condylar  process  ....  3 

Total  length  of  the  spatulate  process,  including  its  root 2‘5 

Length  of  the  stapulate  process,  not  including  its  contracted  root,  but 
only  the  eoncavo-convex  portion  which  closes  the  external  atrial 

apertare  2 

Maximum  width  of  the  spatulate  process 1 

hitcrossicular  Ligament. 

Length 1 '2 

Intercalarium. 

Length  of  the  ascending  process 4 

Length  of  the  horizontal  process 3 

Tripus. 

Total  length  not  including  curvature  of  the  crescentic  process  ....  8 

Length  of  anterior  process 4 

Length  of  the  crescentic  process,  not  including  its  curvature 4 

Length  of  the  articular  process 2 

Claustrum. 

Length • 3o 


The  Sacciis  Pamvertebralis. — The  free  portion  of  the  tripus,  that  is  to  say,  the 
articular  and  anterior  processes,  with  the  posterior  half  of  the  interossicular  ligament, 
and  the  horizontal  process  of  the  intercalarium,  are  situated  within  the  cavity  of  a 
thin-walled  fibrous  sac — the  “saccus  paravertebralis  ” of  Weber.  The  sac  extends 
from  near  the  external  atrial  aperture  of  its  side  along  the  lateral  surfaces  of  the 
centrum  of  the  first  vertebra  and  the  anterior  third  of  the  complex  centrum  as  far 
backwards  as  the  insertion  of  the  crescentic  process  of  the  tripus  into  the  dorsal  wall 
of  the  air-bladder,  at  which  point  its  walls  blend  with  the  dorsal  edge  of  the  trans- 
verse membrane.  The  anterior  wall  of  the  sac  is  perforated  by  the  inter- ossicular 
ligament  as  tlie  latter  process  passes  inwards  from  the  anterior  extremity  of  the 
tripus  to  its  connection  with  the  scaphiurn.  In  the  Cyprinoid  Fishes  the  cavity  of 
the  sac  is  in  open  communication  anteriorly  with  the  cranial  cavity  through  the 
external  atrial  aperture  and  the  foramen  occipitale  laterale  (hypoglossal  foramen). 
In  Macroues,  and  probably  in  all  Siluroid  Fishes,  on  the  contrary,  the  small  size  of 
the  hypoglossal  foramen,  which  is  but  sufficiently  large  to  transmit  the  hypoglossal  or 
first  spinal  nerve,  and  the  complete  closure  of  the  external  atrial  aperture  by  the 
spatulate  process  of  the  scaphiurn,  effectually  prevent  any  communication  between 
the  cranial  cavity  and  the  saccus. 

The  cavity  of  the  sac  is  occupied  by  a semi-gelatinous  fluid,  often  partly  oleag^inous 
from  the  presence  of  an  abundance  of  oil -globules,  and  contained  within  the  meshes 
of  a delicate  fibrous  network.  The  jelly-like  material  is  nevertheless  sufficiently 
liquid  not  appreciably  to  hanqjer  the  grosser  movements  of  the  various  ossicles  that 
are  imbedded  in  it. 

The  roots  of  the  first  four  pairs  of  spinal  nerves  traverse  the  cavity  of  the  saccus 
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where  also  their  union  to  form  the  main  trunks  takes  place.  The  ganglia  on  the 
dorsal  roots  of  the  nerves  are  likewise  contained  within  the  sac. 

The  Air-Bladder. — On  examining  the  external  surface  of  the  body  beiiind  the 
pectoral  girdle  and  dorsad  to  the  origin  of  the  pectoral  fin  a well-defined  area  of 
skin,  generally  slightly  wrinkled  or  flaccid  in  spirit-preserved  sj^ecimens,  sometimes 
extremely  tense,  but  always  differing  in  appearance  from  the  rest  of  the  smooth  scale- 
less  skin,  may  be  readily  recognised  on  each  side  (fig,  15,  l.c.a.).  These  areas  we 
propose  to  call  the  lateral  cutaneous  areas.  Each  area  is  bounded  by,  and  more  or 
less  firmly  attached  to,  the  stem  of  the  post-temporal  and  the  upper  portion  of  the 
clavicle  in  front ; the  posterior  process  of  the  clavicle  and  the  free  dorsal  edge  of  the 
ventro-lateral  muscles  below  ; and  the  distal  margins  of  the  expanded  transverse 
processes,  with  the  first  rib,  above  and  behind.  The  lateral  line  canal  crosses  the 
upper  margin  of  each  area  a little  below  the  dorsal  attachment  of  the  latter  to  the 
modified  transverse  processes.  On  reflecting  either  cutaneous  area  the  great  dorso- 
lateral and  ventro-lateral  muscles  of  the  body  wall  are  seen  to  diverge  at  its  posterior 
boundary,  the  former  passing  upwards  and  forwards  over  the  expanded  transverse 
processes  to  their  insertion  anteriorly  into  the  posterior  face  of  the  skull,  the  latter 
passing  downwards  and  forwards  to  their  insertion  into  the  ventral  moiety  of  the 
clavicle  (fig.  16).  Between  these  divergent  muscles  the  lateral  wall  of  the  anterior 
third  of  the  air-bladder  bulges  outwards,  and,  normally,  is  very  closely  applied  to  the 
inner  surface  of  the  lateral  cutaneous  area  of  its  side.  The  cutaneous  areas  are  some- 
what thinner  than  the  rest  of  the  skin,  and  their  flaccidity,  due  perhaps  to  their 
greater  thinness,  combined  with  their  intimate  relations  to  the  thin-walled  air- 
bladder,  renders  it,  as  a rule,  an  easy  matter  to  localize  these  areas  without  having 
recourse  to  dissection.  In  not  a few  Siluroids,  as  we  shall  subsequently  have  occasion 
to  point  out,  in  which  the  body  is  greatly  compressed,  and  the  cutaneous  areas  and 
the  adjacent  lateral  walls  of  the  air-bladder  exceptionally  thin,  this  part  of  the  body 
appears  partially  translucent  when  the  fish  is  held  up  to  the  light. 

When  the  ventral  wall  of  the  body  with  the  stomach,  liver,  and  intestines  have  been 
removed  the  air-bladder  comes  into  view  as  a flattish  conical  organ,  broad  in  front, 
but  somewhat  narrower  and  more  rounded  behind  (fig.  17,  a.h.).  The  dorsal  surface 
of  the  anterior  third  of  the  bladder  is  closely  moulded  to  the  shape  of  the  ventral 
surfaces  of  the  modified  transverse  processes  of  the  fourth  and  fifth  vertebrae,  and  to 
the  keeled  ventral  surfaces  of  the  complex  and  fifth  vertebral  centra,  but  for  tlie 
posterior  two-thirds  of  its  length  the  bladder  is  much  less  closely  related  to  the 
succeeding  vertebral  centra,  transverse  processes,  and  ribs,  and  lies  comparatively  free 
in  the  abdominal  cavity.  In  front  tlie  lateral  portions  of  the  anterior  wall  of  the 
air-bladder  are  firmly  buttressed  by  the  concave  posterior  faces  of  the  bony  structures 
formed  by  the  post-temporal  plates  in  conjunction  with  the  crescentic  extremities  of 
the  modified  transverse  processes  of  the  fourth  vertebra  (figs.  3,  17,  18,  tp.hi.). 
Tlie  lateral  walls  of  the  anterior  third  of  the  bladder  are  in  close  relation  with  the 
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inner  surfaces  of  tlie  lateral  cutaneous  areas,  but  more  posteriorly  the  side  walls 
contract  from  the  external  skin  and  the  lateral  musculature  of  the  trunk,  and,  with 
the  posterior  wall,  become  closely  embraced  by  the  lateral  and  median  posterior  lobes 
of  the  mesonephros  (fig.  18,  mph.). 

Immediately  in  front  of  the  air-bladder,  and  closely  moulded  to  the  convexity  of  its 
anterior  -wall,  the  so-called  head-kidney,"*  consisting  of  two  lateral  lobes  and  a thin 
transversely  disposed  connecting  lobe,  may  be  seen  through  the  thin  peritoneal  layer 
which  invests  its  ventral  surface.  Each  lateral  lobe  occupies  a recess  between  the 
inferior  limb  of  the  post-temporal  in  front,  and  the  anterior  division  of  the  transverse 
process  of  the  fourth  vertebra  behind,  with  its  dorsal  surface  in  contact  with  the  floor 
of  the  membranous  sac  (saccus  paravertebralis)  in  which  certain  of  the  Weberian 
ossicles  are  contained  (figs.  17  and  18,  mph.r.).  The  connecting  lobe  stretches 
transversely  across  the  ventral  surfaces  of  the  body  of  the  first  vertebra  and  the 
adjacent  portion  of  the  basioccipital.  The  anterior  surface  of  the  gland  is  convex, 
and  is  closely  invested  by  a strong  transversely  disposed  aponeurotic  membrane. 

The  peritoneum  (fig.  23,  p.)  invests  only  the  ventral  surface  of  the  air-bladder, 
extending  laterally  on  to  the  side  walls  of  the  abdominal  cavity,  but  in  the  medio- 
ventral  line  forms  an  incomplete  mesentery,  and  is  subsequently  reflected  on  to  the 
dorsal  surface  of  the  stomach ; anteriorly,  it  is  continued  forwards  from  the  ventral 
surface  of  the  bladder  over  the  corresponding  surface  of  the  “ head  kidney,”  and,  after 
blending  with  what  we  shall  subsequently  refer  to  as  the  “ aponeurotic  membrane,” 
is  reflected  backwards  on  to  the  dorsal  surface  of  the  oesophagus.  Near  the  antero- 
lateral regions  of  the  air-bladder  the  peritoneum  by  a characteristic  reduplication 
forms  on  each  side  a deep  csecal  pouch,  with  a somewhat  restricted  communication 
with  the  general  peritoneal  cavity,  which  extends  outwards  towards  the  inner  surface 
of  the  proximal  half  of  the  clavicle  and  tlie  root  of  its  posterior  process.  These 
peritoneal  cul-de-sacs  exist  in  all  Slluroid  Fishes,  and  invariably  contain  prolongations 
of  the  lateral  lobes  of  the  liver.  Their  formation  appears  to  be  due  to  the  unusual 
lateral  extension  of  the  anterior  third  of  the  air-bladder  and  the  abutment  of  its  outer 
walls  against  the  inner  surfaces  of  the  lateral  cutaneous  areas,  the  partial  displacement 
of  the  lateral  hepatic  lol)es  from  their  normal  position  between  the  air-bladder  and 
the  side  walls  of  the  body,  which  this  modification  involves,  being  compensated  for  by 
the  outward  and  forward  protrusion  of  a portion  of  each  lobe  into  special  peritoneal 
pouches.  The  position  and  relations  of  these  pouches  as  well  as  the  recesses  for  the 
“head  kidney”  are  shewn  in  Auchenoglanis  hiscutatus  (fig.  44,^?.c.s.,  and  mph.r.). 

Internally  to  its  peritoneal  coat  the  air-bladder  is  partially  invested  by  a membrane 
which  is  obvious  enough  where  it  is  in  relation  with  what,  for  the  present,  we  may 
call  the  proper  anterior  wall  of  the  bladder,  but  in  most  instances  is  extremely 
difficult  to  trace  elsewhere.  In  the  former  position  it  exists  as  a thin,  but  fairly 

* Otherwise  the  anterior  lymphoid  expansion  formed  by  the  fusion  of  the  nght  and  left  halves  of  the 
mesonephros. 
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strong,  iiiexteiisible,  and  transversely-disposed  fibrous  membrane  which  is  co-extensive 
with,  and  closely  applied  to,  the  mesial  portion  of  the  anterior  wall  of  the  bladder 
between  the  two  post-temporal  plates,  and,  although  intimately  applied  to  both, 
separates  the  bladder  from  the  “ head-kidney  ” in  front.  Laterally,  on  each  side,  the 
membrane  is  firmly  attached  to  the  ventral  and  inner  margins  of  the  post-temporal 
])late,  and  to  the  crescentic  distal  extremity  of  the  transverse  process  of  the  fourth 
vertebra,  blending  with  the  ligamentous  fibres  by  which  these  skeletal  elements  are 
rigidly  connected  together.  The  dorsal  edge  of  the  membrane  is  firmly  attached  to 
nearly  the  whole  length  of  the  anterior  margins  of  the  transverse  processes  in 
question,  and  towards  the  median  line  blends  with  the  floor  of  each  saccus  para- 
vertebralis.  In  the  median  line  the  dorsal  margin  appears  to  be  continuous  posteriorly 
with  the  fibrous  floor  of  the  aortic  canal,  and,  on  each  side  of  the  complex  centrum 
becomes  firmly  attached  to  its  oblique  lateral  ridge  and  to  the  radial  nodule,  while 
posteriorly  a slip  of  fibres  curves  upwards  and  backwards  to  an  insertion  into  the 
anterior  or  inner  extremity  of  the  dorsal  lamina.  The  latter  slip  and  the  fibrous 
floor  of  the  aortic  canal  are  all  that  we  could  definitely  identify  as  representing  this 
membrane  on  the  dorsal  surface  of  the  air-bladder.  Traced  ventrally  the  membrane 
suddenly  becomes  extremely  thin,  but,  nevertheless,  may  be  detected  as  extending 
for  a short  distance  on  to  the  lateral  and  ventral  walls  of  the  anterior  portion  of  the 
air-bladder,  where,  however,  it  soon  becomes  lost  as  a definite  structure,  either  by 
blending  with  the  proper  wall  of  the  bladder,  or  becoming  indistinguishable  from  the 
connective  tissue  by  which  the  latter  is  connected  with  its  peritoneal  investment. 

In  close  relation  with  the  anterior  face  of  the  “ head-kidney  ” there  is  a second 
transversely  disposed  aponeurotic  membrane  which  occupies  the  same  transverse  plane 
on  the  dorsal  side  of  the  oesophagus  as  the  pericardial  septum  on  the  ventral  side,  and 
is  also  attached  laterally  to  the  distal  ends  of  the  modified  transverse  processes  and  to 
the  adjacent  margins  of  the  post-temporal  plates,  blending  with  the  ligamentous 
fibres  by  which  the  transverse  processes  and  the  post-temporals  are  firmly  united 
together,  and  also  wutli  the  corresponding  attachments  of  the  first-mentioned 
membrane,  but  remains  separated  from  the  latter  mesially  by  the  “ head-kidney.” 
Ventrally,  the  aponeurosis  blends  with  the  peritoneum  as  the  latter  is  reflected  back- 
wards from  the  under  surface  of  the  “ liead-kidney  ” on  to  the  dorsal  surface  of  the 
oesophagus.  Dorsally,  the  membrane  extends  backwards  as  an  Investment  to  the 
dorsal  surface  of  the  “ head-kidney  ” and  the  ventral  faces  of  the  basioccipital,  the 
inferior  limb  of  the  post-temporal,  and  the  body  of  the  first  vertebra,  finally  becoming 
inserted  into  the  anterior  margins  of  the  modified  transverse  processes  of  the  fourth 
vertebra,  and  there  to  some  extent  blends  with  the  similarly  attached  dorsal  edge  of 
the  preceding  membrane.  The  aponeurotic  membrane  has  clearly  no  relation  to  the 
air-bladder,  but  may  be  regarded  simply  as  a dorsal  and  backward  extension  of  the 
same  fibrous  sheet  which,  ventrally,  separates  the  pericardial  and  abdominal  cavities. 

With  regard  to  the  first-mentioned  of  the  two  membranes  it  is  not  easy  to  decide 
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in  what  light  it  should  be  regarded.  In  some  i-espects  it  resembles  a backwai'd 
extension  of  the  aponeurotic  membrane.  Ramsay  Wright  (43)  in  his  description 
of  the  skeletal  attachments  of  the  anterior  part  of  the  air-bladder  in  Ainiurus  catiis, 
evidently  regards  it  as  a portion  of  the  proper  anterior  wall ; at  all  events  he 
describes  the  dorsal  wall  of  the  anterior  chamber  as  being  anteriorly  attached  to  an 
oblique  ridge  on  each  side  of  the  complex  centrum,  and  to  the  thickened  anterior 
margin  of  the  transverse  process  of  the  fourth  vertebra,  and  the  only  portion  of  the 
air-bladder  that  answers  to  this  description  is  the  transversely-disposed  membrane  in 
connection  with  the  proper  anterior  wall.  McKenzie  (23)  refers  to  it  as  an  aponeu- 
rotic membrane  separating  the  “ head-kidney  ” from  the  air-bladder.  On  the  other 
hand,  we  have  but  little  doubt  that  the  membrane  described  by  Sorensen  (37) 
as  more  or  less  completely  investing  the  air-bladder  in  certain  Siluroids,  and  often 
becoming  much  thicker  anteriorly  than  elsewhere,  is  identical  with  the  one  now 
under  discussion.  Sorensen,  however,  apparently  regards  the  membrane  as  con- 
stituting an  inner  layer  of  the  peritoneal  coat,  although  from  his  account  it  would 
seem  to  furnish  a much  more  complete  investment  to  the  bladder  than  the  outer 
layer,  which  carries  the  ccelomic  epithelium,  and  is  restricted  solely  to  the  ventral 
surface.  For  our  own  part  we  incline  to  the  opinion  that  the  membrane  in  question 
owes  its  existence  as  a definite  structure  to  a delamination  of  the  proper  anterior 
wall  of  the  air-bladder,  which  has  also  affected,  but  less  obviously,  the  adjacent 
lateral,  ventral,  and  dorsal  walls,  and  ought,  therefore,  to  be  regarded  as  an 
integral  portion  of  that  organ.  It  is  also  more  closely  adherent  to  the  proper  wall 
of  the  air-bladder  than  to  the  investing  peritoneum,  and  in  some  Siluridse  is  much 
more  obvious  than  in  others,  being  traceable  for  a greater  distance  on  to  the  lateral 
and  ventral  walls.  In  Arius  and  some  other  Siluridse,  in  addition  to  the  membrane 
now  under  consideration,  which  is  also  j^i'esent,  a second  layer,  anatomically  and 
histologically  undoubtedly  a portion  of  the  anterior  wall  of  the  bladder,  may  separate 
dorsally  from  the  inner  portion  of  the  wall,  and  acquire  skeletal  attachments  similar 
in  almost  eve)y  respect  to  those  of  the  former.  It  is  perhaps  a matter  of  no  great 
importance  which  view  be  taken,  but  from  a physiological  point  of  view  the 
membrane  is  of  some  interest,  inasmuch  as  its  extensive  attachments  to  rigid 
})ortions  of  the  axial  skeleton  render  it  an  efficient  and  unyielding  buttress  to  the 
proj)er  anterior  wall  of  the  liladder.  As  we  shall  frequently  have  occasion  to  refer  to 
the  extension  of  ossified  deposit  from  adjacent  skeletal  structures  into  this  membrane, 
more  especially  in  the  Silurida}  abnormales,  we  shall  in  future  refer  to  it  as  the 
“ superficial  coat  ” of  the  air-bladder,  distinguishing,  however,  that  portion  of  it 
which  specially  buttresses  the  proper  anterior  wall  as  the  “ transverse  membrane.” 
After  the  removal  of  its  ventral  wall  the  cavity  of  the  air-bladder  is  seen  to  be 
divided  by  a characteristic  T -shaped  arrangement  of  two  principal  internal  septa,  one 
of  which  is  transverse  and  the  other  longitudinal,  into  three  main  compartments. 
Of  these  compartments  one  is  anterior  and  transversely  disposed,  and  the  other  two 


ON  THE  ANATOMY  OF  FISHES. 


91 


lateral  or  posterior  in  position,  and  longitudinally  arranged  (fig.  18).  The  anterior 
chamber  [a.c.)  forms  about  one-third,  and  the  two  lateral  chambers  (/.c.)  the 
remaining  two-thirds  of  the  antero-posterior  extent  of  the  bladder.  The  transverse 
septum  {t.s.)  is  much  the  thicker  of  the  two  principal  septa  and  divides  the  anterior 
chamber  from  the  two  lateral  compartments,  which,  in  turn,  are  separated  from  each 
other  by  the  median  longitudinal  septum  [l.s.).  The  longitudinal  septum  is  continuous 
in  front  with  the  posterior  face  of  the  transverse  septum,  and  both  are  continuous  by 
their  dorsal  and  ventral  edges  with  the  corresponding  walls  of  the  air-bladder.  The 
transverse  septum  is  not  quite  vertical,  but  inclines  forwards  from  its  dorsal  to  its 
ventral  margin,  the  latter  being  more  anteriorly  situated  than  the  former,  but  this 
statement  more  especially  applies  to  the  mesial  portion  of  the  septum.  Hence,  as  in 
fig,  18,  the  transverse  septum  has  its  ventral  margin  somewhat  V-shaped,  with  the 
apex  pointing  forwards,  while  the  obliquity  of  the  septum  causes  the  two  lateral 
compartments  to  slightly  overlap  the  anterior  chamber  when  viewed  from  the  ventral 
surface.  Along  its  ventral  edge  the  transverse  septum  is  almost  co-extensive  with 
width  of  the  air-bladder,  but  dorsally  the  septum  contracts  from  the  lateral  walls,  so 
as  to  leave  on  each  side  an  arch-like  opening  through  which  the  anterior  chamber 
communicates  with  each  of  the  two  lateral  compartments.  There  is  no  communication 
between  the  lateral  chambers  except  indirectly  through  the  anterior  chamber.  In 
addition  to  the  principal  transverse  and  longitudinal  septa  there  are  three  or  four 
secondary  transverse  septa  in  each  of  the  lateral  compartments,  which  gradually 
diminish  in  width  from  before  backwards  (fig.  18,  t.s.').  Each  secondary  septum,  like 
the  principal  transverse  septum,  is  of  greater  width  dorsally  than  it  is  ventrally,  and 
stretches  from  the  longitudinal  septum  outwards  towards  the  lateral  or  outer  wall  of 
the  compartment,  but  before  arriving  at  that  point  terminates  in  a deeply  concave 
arch-like  free  margin.  Dorsally  as  well  as  ventrally,  the  secondary  septa  are  con- 
tinuous with  the  corresponding  walls  of  their  respective  compartments,  and  round 
their  free  margins  the  smaller  cavities  into  which  they  subdivide  each  lateral  chamber 
communicate  witE  one  another  and  with  the  anterior  chamber.  The  principal  trans- 
verse septum  is  really  but  the  most  anterior  of  these  septa,  although  it  differs  from 
them  in  several  important  particulars,  and  notably  in  the  firm  attachment  of  its  dorsal 
edge  to  the  skeleton.  In  addition  to  the  septa  already  mentioned,  numerous  buttress- 
like ridges  of  fibres  arise  from  the  dorsal  and  ventral  margins  of  the  longitudinal  and 
the  primary  and  secondary  transverse  septa  and  extend,  root-like,  into  the  adjacent 
roof  and  floor  of  the  lateral  compartments,  thus  still  further  adding  to  the  sacculated 
or  camerated  structure  of  these  chambers.  With  the  exception  of  a few  fibrous  ridges 
that  pass  from  the  ventral  margin  of  the  anterior  face  of  the  primary  transverse  septum 
and  blend  with  the  adjacent  ventral  wall  of  the  anterior  chamber,  the  latter  has  per- 
fectly smooth  walls  and  is  entirely  devoid  of  ridges,  sacculations,  or  septa. 

The  ductus  pneumaticus  (fig.  17,  cZ.^9.)  communicates  with  the  cavity  of  the  anterior 
chamber  by  an  opening  situated  in  the  inedian  line  of  the  ventral  wall  and  close  to 
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the  ventral  edg-e  of  tlie  primary  transverse  septum.  The  duct  is  not  straight  but 
somewhat  sigmoid,  with  secondary  flexions  near  its  junction  with  the  oesophagus. 

As  we  have  previously  pointed  out,  the  dorsal  wall  of  the  anterior  chamber  is  closely 
related  to  the  under  surfaces  of  the  expanded  transverse  processes  of  the  fourth  and 
fiftli  vertebrae,  and  also  to  the  subvertebral  keel  which  the  complex  and  fifth  vertebral 
centra,  with  their  investing  superficial  ossifications,  combine  to  form  (fig.  23,  a.h.). 
In  fact  the  median  portion  of  the  dorsal  wall,  as  far  posteriorly  as  the  primary  trans- 
verse septum,  is  deeply  grooved  externally  by  the  impression  of  the  subvertebral  keel, 
and  this  inpushing  of  the  dorsal  wall,  which  is  visible  internally  as  a prominent  medio- 
dorsal  ridge,  to  some  extent  constricts  the  anterior  chamber  into  two  laterally  bulging 
halves,  while  the  vertex  of  the  A -shaped  transverse  septum  has  the  effect  of  con- 
tinuing this  constriction  into  the  posterior  wall  of  the  chamber  (figs.  18  and  23).  On 
the  other  hand,  the  lateral  compartments  lie  comparatively  free  in  the  abdominal 
cavity,  or  at  all  events  are  only  related  laterally  and  dorsally  to  the  musculature  of 
the  body  wall,  the  slender  transverse  processes  and  ribs,  and  to  the  mesonephros,  but 
in  no  way  are  they  attached  to,  or  protected  by,  any  special  outgrowths  or  modifica- 
tions of  the  skeleton  as  is  the  case  with  the  anterior  chamber. 

The  dorsal  anterior  and  posterior  walls  of  the  anterior  chamber  are  not  only  more 
or  less  intimately  related  to  certain  characteristic  modifications  of  the  axial  skeleton 
but  they  are  directly  attached  thereto  at  certain  special  points.  But  before  referring 
to  the  skeletal  attachments  of  the  anterioi’  chamber  we  may,  with  advantage,  briefly 
describe  the  general  arrangement  of  the  principal  sheets  of  fibres  that  form  the  walls 
of  the  air-bladder.  Omitting  the  peritoneal  investment  on  its  ventral  surface,  and 
its  superficial  coat,  the  walls  of  the  air-bladder  are  composed,  as  in  all  other  Teleostei, 
of  two  principal  layers  of  fibres,  viz.  : — the  tunica  interna  and  the  tunica  externa. 
The  former  consists  of  an  extremely  thin  fibrous  layer,  supporting  on  its  inner  surface 
an  epithelium  of  flattened  cells,  and  furnishes  a complete  and  continuous  inner  lining 
to  the  various  primary  and  secondary  cavities  of  the  air-bladder,  of  uniform  structure 
and  thickness  throughout.  In  specimens  that  have  been  preserved  for  any  length  of 
time  in  sj)irit,  or  have  undergone  maceration  for  a shorter  period,  the  tunica  interna 
readily  separates  from  the  tunica  externa.  In  all  the  figures  of  the  interior  of  the 
air-bladder  whicli  illustrate  this  paper  the  tunica  interna  has  been  removed  so  as  to 
show  the  disposition  and  skeletal  attachments  of  the  fibres  composing  the  outer  tunic. 
After  the  removal  of  the  inner  tunic,  and  the  exposure  of  the  tunica  externa,  the  free 
edge  of  the  oblique  ventral  ridge  of  tripus,  and  the  ventral  surfaces  of  the  heel-like 
process  and  of  the  posterior  portion  of  the  crescentic  process  of  that  ossicle,  are 
clearly  distinguishable  on  each  side  of  the  air-bladder,  imbedded  in  the  dorsal  wall  of 
the  anterior  chamber  near  its  anterior  extremity  and  a little  to  the  outer  side  of  the 
complex  centrum  (figs.  18  to  20).  The  tunica  externa  is  always  much  thicker  and 
consequently  more  rigid  than  the  tunica  interna  ; it  is,  in  fact,  entirely  owing  to  the 
thickness  and  strength  of  the  former  coat,  combined  with  its  more  or  less  extensive 
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attachments  to  the  skeleton^  that  the  air-bladder  never  collapses,  even  after  its  walls  have 
been  perforated, or  portions  removed,  but  invariably  retains  its  normal  shape  and  outline. 

The  tunica  externa  consists  of  two  principal  strata  of  fibres,  an  outer  in  which  the 
general  direction  of  the  fibres  is  in  the  main  longitudinal  without  being  constant  for 
all  parts  of  their  course ; and  an  inner  stratum  composed  of  fibres  with  a general 
tendency  to  a transverse  arrangement.  The  fibres  composing  either  stratum, 
although  they  may  vary  their  course  and  direction  in  different  portions  of  the  air- 
bladder,  from  longitudinal  becoming  oblique  or  nearly  transverse,  and  vice  versa,  and 
may  describe  various  curves,  very  rarely  coincide  in  direction  at  any  one  point,  the 
fibres  of  one  stratum  crossing  those  of  the  other  at  more  or  less  of  a right  angle. 
This  characteristic  arrangement  is  always  fairly  obvious  in  the  anterior,  lateral,  and 
dorsal  walls  of  the  anterior  chamber,  and  in  the  dorsal  and  lateral  walls  of  the  lateral 
compartments,  where  the  two  strata  can  be  readily  separated  and  the  component 
fibres  traced,  but  becomes  more  obscure  in  the  ventral  wall ; there  the  fibres  of  the 
outer  stratum  pursue  a somewhat  irregular  course  and  betray  a tendency  to  interlace 
with  one  another,  so  as  to  be  only  traceable  with  some  difficulty.  As  a rule  it  is  only 
when  the  two  strata  approach  their  common  attachments  to  rigid  or  moveable  parts 
of  the  skeleton  that  their  respective  fibres  exhibit  a tendency  to  coincide  in  direction. 
In  the  walls  of  the  lateral  compartments,  at  all  events  in  so  far  as  the  dorsal  and 
ventral  walls  are  concerned,  the  fundamental  disposition  of  their  fibres  is  to  some 
extent  obscured  by  the  extension  into  them  of  the  fibres  composing  the  longitudinal 
septum,  the  primary  and  secondary  transverse  septa  and  their  buttress-like  ridges. 
In  the  septa  themselves  the  component  fibres  are  always  vertical. 

The  series  of  semi-diagrammatic  figures,  19-22  inclusive,  are  intended  to  illustrate 
the  arrangement  and  skeletal  attachments  of  the  physiologically  more  important 
fibres  of  the  outer  and  inner  strata  of  the  dorsal  wall  of  the  anterior  chamber  as 
seen  from  the  interior,  and  also  to  some  extent  the  corresponding  features  of  the 
anterior,  posterior,  and  lateral  walls.  In  all  cases  it  may  be  presumed  that  the 
ventral  wall  of  the  bladder  and  the  whole  of  the  tunica  interna  have  been  removed. 
In  figs.  19  and  20,  the  inner  stratum  of  the  tunica  externa  is  shown  on  the  right  side, 
and  the  fibres  forming  the  outer  stratum  on  the  left  side.  In  figs.  21  and  22  the 
insertions  of  the  fibres  of  the  outer  and  inner  strata,  respectively,  into  the  crescentic 
processes  of  the  tripodes  are  represented. 

The  disposition  of  the  principal  sheets  of  fibres  in  the  tunica  externa  of  the  anterior 
chamber  and  their  respective  attachments  to  fixed  or  moveable  portions  of  the 
skeleton  are  as  follows  : — 

(1-)  Attachments  to  rigid  portions  of  the  skeleton. 

(a.)  The  posterior  wall  of  the  chamber,  that  is,  the  primary  transverse  septum,  is 
composed  of  two  vertically  arranged  strata  of  fibres,  a posterior  thin  stratum,  which 
dorsally  and  ventrally  is  continued  into  the  dorsal  and  ventral  walls  respectively  of 
the  two  lateral  compartments,  and  a much  thicker  anterior  stratum.  Traced  dorsally 
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the  component  fibres  of  the  latter  stratum  separate  on  the  ventral  face  of  the  fifth 
vertebral  centrum  into  two  thick  diverging  sheets  which  pass  dorsally,  one  on  each 
side  of  the  centrum,  and,  at  the  same  time,  curve  slightly  forwards  into  the  dorsal 
wall  of  the  anterior  chamber ; eventually,  after  separating  from  the  rest  of  the  dorsal 
rvall,  the  fibres  of  each  sheet  become  firmly  inserted,  from  the  median  line  outw'ards, 
into  the  ventral  surface  and  obliquely  along  the  sides  of  the  centrum  in  question,  and 
into  the  ventral  surface  of  the  transverse  process  of  the  fourth  vertebra  (figs.  19-20, 
p.p.).  The  line  of  attachment  of  each  sheet  coincides  with  the  ridge-like  dorsal 
margin  of  each  superficial  ossification  and  the  posterior  margin  of  the  dorsal  lamina, 
which,  as  we  have  previously  described,  form  by  their  convergence  anteriorly  a 
characteristic  A-shaped  ridge  (fig.  3).  As  these  divergent  sheets  of  fibres  firmly 
attach  the  whole  extent  of  the  dorsal  margin  of  the  posterior  wall  to  the  axial 
skeleton,  and  physiologically  must  have  the  effect  of  preventing  any  distension  or 
contraction  of  the  anterior  chamber  in  the  posterior  direction,  they  may  not  inaptly  be 
termed  its  “posterior  pillars.” 

{h.)  If  the  fibres  of  the  anterior  layer  of  the  transverse  septum  which  form  the 
posterior  pillars  by  their  dorsal  attachment  to  the  skeleton  are  traced  ventrally 
instead  of  dorsally,  they  will  be  found  to  curve  forwards  into  the  ventral  wall  of  the 
anterior  chamber,  where  they  assume  a direction  which  varies  according  as  they  are 
mesially  or  more  laterally  situated,  and,  at  the  same  time,  represent  the  inner  stratum 
of  the  tunica  externa  of  this  region.  The  more  mesial  fibres  pursue  a straight  course 
forwards  in  the  median  line  of  the  ventral  wall,  and  ultimately  curve  upwards  into 
the  mesial  portion  of  the  anterior  Avail,  where  they  form  a vertically  disposed  stratum 
of  fibres,  and  also  blend  with  the  corresponding  portion  of  the  outer  stratum  of  the 
tunica  externa,  the  fibres  of  which  are  also  more  or  less  vertically  arranged.  Beneath 
the  anterior  third  of  the  complex  centrum  the  confluent  mesial  portions  of  the  two 
strata  split  into  two  slightly  divergent  bundles  of  fibres,  which  pass  dorsally,  one  on 
each  side  of  the  centrum,  to  the  ventral  surface  and  sides  of  which,  and  to  the  radial 
nodules,  they  become  closely  adherent,  leaving,  hoAvever,  a slip  of  fibres  from  each 
bundle  to  be  continued  dorsally  to  an  insertion  into  the  ventral  ridge  of  the  tripus 
(figs.  19  and  20,  a.p>.).  As  these  bundles  probably  have  much  the  same  physiological 
significance  with  regard  to  the  anterior  wall  that  the  posterior  pillars  bear  to  the 
posterior  wall,  and,  by  reason  of  their  attachments  to  the  com})lex  centrum,  render 
the  anterior  wall  incapable  of  partaking  in  any  enlargement  or  contraction  of  the 
anterior  chamber,  they  may  be  designated  the  “ anterior  pillars.”  Their  rigid  skeletal 
attachments  are  not  so  extensive  as  in  some  other  Siluridse  {e.g.,  Arius),  but,  taken 
in  conjunction  with  the  transverse  membrane  and  the  post-temporal  plates,  they  are 
obviously  competent  to  prevent  any  forward  bulging  of  the  anterior  wall.  As  we  shall 
subsequently  point  out,  the  more  laterally  situated  fibres  of  the  inner  stratum  of  the 
tunica  externa  of  the  ventral  wall  pursue  an  oblique  course  forwards,  outwards,  and 
upwards,  and  are  then  traceable  into  the  antero-lateral  and  lateral  wall  of  each  half 
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of  the  chamber ; from  thence  they  converge  in  the  corresponding  half  of  the  dorsal 
wall,  in  the  form  of  a broad  triangular  sheet,  to  their  ultimate  attachment  to  the 
tripus.  The  fibres  of  the  outer  stratum  of  the  tunica  externa  in  the  mesial  portion  of 
the  anterior  wall,  if  traced  ventrally  from  the  anterior  pillars  and  their  skeletal 
attachments,  become  easily  separable  from  those  of  the  inner  stratum,  and  ultimately 
extend  into  the  ventral  wall,  where  they  assume  a direction  which,  in  the  main,  is 
longitudinal  or  oblique  ; but  this  arrangement  is  somewhat  modified  by  their  tendency 
to  describe  curves  and  loops,  and  to  become  interwoven  Avith  one  another.  It  is 
worthy  of  note  that  the  attachments  of  the  anterior  and  posterior  pillars  to  rigid 
portions  of  the  skeleton  will  not  only  render  the  anterior  chamber  inexpansible  in  the 
direction  of  its  antero-posterior  axis,  but  will  also  tend  to  limit,  even  if  it  does  not 
entirely  prevent,  any  expansion  ventrally,  inasmuch  as  the  longitudinally-arranged 
fibres  which  form  the  inner  layer  of  the  tunica  externa  in  the  mesial  portion  of  the 
ventral  wall  are  directly  continuous  between  the  two  pillars,  and  also  share  their 
respective  skeletal  attachments.  In  not  a few  Siluroids  {e.g.,  Arius)  these  longitu- 
dinal fibres  are  unusually  strongly  developed,  and  form  either  a single  ridge  or  a pair 
of  ridges,  which  project  from  the  median  line  of  the  ventral  wall  into  the  cavity  of 
the  chamber,  and  anteriorly  and  posteriorly  are  directly  continuous  with  the  anterior 
and  posterior  pillars. 

(c.)  Over  a somewhat  lozenge-shaped  area  in  the  median  portion  of  the  dorsal  wall 
of  the  anterior  chamber,  bounded  in  front  and  behind  respectively  by  the  anterior  and 
posterior  pillars,  and  laterally  by  the  oblique  posterior  margins  of  the  two  triangular 
sheets  which  constitute  the  lateral  portions  of  the  dorsal  wall,  the  tunica  externa 
becomes  so  extremely  thin  as  to  allow  the  sub  vertebral  keel  to  be  readily  seen 
through  it  Avhen  the  tunica  interna  has  been  removed  (figs.  19  and  20).  Although 
extremely  thin  in  this  region  the  tunica  externa  is  not  free,  but,  on  the  contrary,  is  firmly 
adherent,  like  a periosteum,  to  the  under  surface  and  sides  of  the  complex  centrum 
and  part  of  the  body  of  the  fifth  vertebra,  its  area  of  attachment  exactly  coinciding 
with  the  extent  of  the  superficial  ossifications  that  invest  the  centra.  It  is  scarcely 
necessary  to  mention  that  apart  from  the  adhesion  of  the  medio-dorsal  portion  of  the 
anterior  chamber  to  the  skeleton,  the  close  investment  of  the  lateral  portions  of  the 
dorsal  wall  by  the  expanded  transverse  j^rocesses  of  the  fourth  and  fifth  vertebrae 
must  preclude  all  possibility  of  expansion  or  contraction  in  that  direction. 

(2.)  Attachments  to  moveable  ossicles. 

(a.)  The  fibres  forming  both  strata  of  the  tunica  externa  in  the  lateral  and  antero- 
lateral walls  of  the  anterior  chamber  converge  as  they  pass  into  their  respective 
halves  of  the  dorsal  wall  towards  the  point  a little  to  the  outer  side  of  the  complex 
centrum,  and  there  become  inserted  into  the  crescentic  process  of  the  tripus.  The 
fibres  constituting  the  inner  stratum  in  these  regions  are  vertically  arranged  ; traced 
thence  into  the  ventral  wall  they  pass  more  or  less  obliquely  backw'ards,  and 
eventually  are  traceable  into  continuity  with  the  more  laterally  situated  of  the 
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fibres  wliicli  form  the  posterior  pillars,  and  consecpiently  have  the  same  rigid  skeletal 
attachments  as  the  latter.  Traced  dorsally  from  the  antero -lateral  and  lateral  walls' 
the  fibres  converge  in  each  half  of  the  dorsal  wall  towards  the  crescentic  process  of 
the  tripus  (figs.  18,  20,  21,  in.sf.).  The  fibres  derived  from  each  antero -lateral  wall 
are  inserted,  at  first  into  the  outer  margin  of  the  ventral  ridge  of  the  tripus,  and 
more  posteriorly  into  the  outer  margin  of  the  crescentic  process  and  the  apex  of  its 
heel-like  projection.  The  fibres  derived  solely  from  each  lateral  wall  have  their  final 
insertions  from  before  backwards  into  the  hinder  margin  of  the  heel-like  process,  and 
into  the  whole  extent  of  the  posterior  margin  of  the  crescentic  process.  From  an 
inspection  of  figs.  18  and  19  it  will  be  apparent  that  tlie  convergence  of  these 
transversely  or  rather  obliquely  arranged  fibres  in  each  half  of  the  dorsal  Avail  to 
their  connection  with  the  corresponding  tripus  causes  the  greater  part  of  the  dorsal 
Avail  of  the  chamber  to  present  the  appearance  of  being  formed  of  tAvo  broad  and 
Avell-defined  triangular  sheets  of  fibres,  with  the.  apex  of  each  sheet  connected  with 
the  tripus  of  its  side,  and  the  broad  base  continued  outAAm-ds  into  the  antero-lateral 
and  lateral  walls.  Reference  to  the  same  figures  Avill  also  shoAv  that  the  oblique 
posterior  margins  of  the  tAvo  sheets  slightly  overlap  the  skeletal  insertions  of  the 
posterior  pillars  into  the  dorsal  lamina. 

The  fibres  forming  the  outer  stratum  of  the  tunica  externa  in  the  lateral  and 
antero-lateral  Avails  (figs.  19,  20,  22,  o.st.)  if  traced  into  the  dorsal  Avail  also  coiiA’erge 
towards  the  corresponding  tripus,  and,  in  so  doing,  form  the  outer  of  the  tAvo  strata 
of  AA'hich  each  triangular  sheet  is  composed.  For  the  latter  part  of  their  course,  that 
is,  as  they  approach  the  tripus,  these  fibres  coincide  in  direction  Avith  the  corre- 
sponding fibres  of  the  inner  stratum  (compare  figs.  19  and  20,  o.st.,  in.st.). 
Eventually  their  inner  extremities,  like  the  analogous  fibres  of  the  inner  stratum  are 
successively  inserted  from  before  backwards  into  the  oblique  ventral  ridge,  the  heel- 
like projection,  and  the  posterior  margin  of  the  crescentic  jrrocess  of  the  tripus 
(figs.  20,  22,  o.st.).  The  insertion  of  these  fibres  into  the  different  regions  of 
the  crescentic  process,  although  practically  identical  with  the  corresponding  inser- 
tions of  the  fibres  of  the  inner  stratum,  is,  of  course,  external  to  the  latter.  Traced 
outAvards  from  either  tripus  the  precise  course  Avhich  the  fibres  of  the  outer  stratum 
pursue  varies  someAvhat  according  to  their  points  of  insertion  into  that  ossicle.  The 
most  anterior  fibres,  that  is,  those  starting  from  the  anterior  end  of  the  ventral  ridge, 
after  traversing  the  anterior  part  of  the  dorsal  wall  curve  doAvn wards  into  the  antero- 
lateral Avail,  and  finally  extend  into  the  ventral  Avail,  Avhere  their  disposition  is 
mainly  longitudinal  or  oblique  (fig.  19).  The  bulk  of  the  fibres,  however,  as  they 
successively  pass  from  the  regions  of  the  tripus  already  indicated,  on  reaching  the 
antero-lateral  and  lateral  walls  loop  backAvards,  and  in  doing  so  describe  a character- 
istic curvature,  the  convexity  of  which  is  directed  toAvards  the  ventral  surface,  and 
the  concavity  towards  the  dorsal  surface,  and  then,  as  they  are  traced  backAvards, 
extend  into  the  lateral,  and  finally  into  the  dorsal  Avail  of  the  lateral  compartment  of 
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that  side  (fig.  19,  o.st.).  The  most  posterior  of  the  fibres,  that  is,  those  that  are 
attached  to  the  posterior  margin  of  the  crescentic  process,  describe  a very  similar 
curvature,  but  in  this  instance,  in  the  dorsal  wall  itself,  the  convexity  of  the  curve 
being  directed  outwards  and  the  concavity  inwards,  and  subsequently  pass  into  the 
dorsal  wall  of  the  neighbouring  lateral  compartment,  there  becoming  obliquely 
arranged  with  regard  to  the  long  axis  of  the  chamber  (fig.  19).  In  nearly  all  parts 
of  their  course  the  curvilinear  fibres  of  the  outer  stratum  cross  those  of  the  inner 
stratum  at  a greater  or  less  angle,  and  only  coincide  with  the  latter  in  direction  as 
they  both  approach  their  attachments  to  the  tripodes.  It  is  obvious  that  all  fibres 
that  ultimately  become  inserted  into  the  moveable  tripodes  at  one  extremity  of  their 
course  are  at  the  opposite  extremity  absolutely  or  relatively  fixed,  either  as  is  the 
case  with  those  forming  the  inner  stratum  of  the  tunica  externa,  through  their  direct 
continuity  with  the  posterior  pillars,  or,  as  with  those  forming  the  outer  stratum, 
through  their  extension  into  the  walls  of  the  inexpansible  posterior  or  lateral 
chambers  of  the  air-bladder.  The  specialisation  of  the  dorsal  wall  of  the  anterior 
chamber  to  form  special  tracts  of  fibres  in  the  form  of  two  broad  and  stout  triangular 
sheets,  separated  from  each  other  by  a thin  skeletally  attached  medio-dorsal  area, 
each  of  which  is  composed  of  two  intersecting  strata  of  fibres,  and  extends  outwards 
from  its  attachment  to  the  tripus  to  form  the  lateral  and  antero-lateral  walls,  where 
it  becomes  intimately  related  to  the  inner  surface  of  the  adjacent  lateral  cutaneous 
area,  is  extremely  characteristic  not  of  Macrones  only  but  of  nearly  all  other  normal 
Siluridm. 

(6.)  That  portion  of  the  tunica  externa  which  occupies  the  concavity  of  the 
crescentic  process  of  each  tripus  is  specialized  to  form  a series  of  tightly  stretched 
fibres  connecting  that  process  with  the  radial  nodule.  The  fibres  are  firmly  inserted 
into  the  nodular  prominence  at  the  dorsal  extremity  of  the  radial  nodule,  and  from 
that  point  radiate  outwards  and  are  eventually  attached  to  the  inner  margin  of  the 
ventral  ridge  and  the  whole  extent  of  the  inner  concave  edge  of  the  crescentic  process 
(figs.  19  to  22,  r.f.).  The  prommence  on  the  radial  nodule  occupies,  as  it  were,  the 
centre  of  a circle  of  which  the  crescentic  process  itself  forms  a large  arc,  and  the 
fibres  in  question,  like  the  radii  of  a circle,  converge  from  the  process  to  the  nodule. 
For  these  fibres  we  would  suggest  the  term  “ radial  fibres.”  A thin  layer  of  tunica 
interna  invests  the  ventral  surface  of  the  crescentic  process  as  well  as  the  inner 
surface  of  the  nodular  prominence,  but  without  forming  any  special  attachment  to 
either ; the  removal  of  the  layer,  which  can  be  readily  effected,  at  once  exposes  tlie 
surfaces  of  both  ossicles. 

Although,  as  we  have  previously  pointed  out,  the  typical  disposition  of  the  fibres 
of  the  two  strata  of  the  tunica  externa  is  transverse  or  circular  for  the  inner  stratum 
and  longitudinal  for  the  outer,  it  is  obvious  that  this  arrangement  has  been  widely 
departed  from  in  particular  portions  of  the  bladder.  Thus,  while  the  disposition  of 
the  fibres  of  the  inner  stratum  in  the  lateral  and  anterior  walls  of  the  anterior  chamber 
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exhibits  but  a slight  modification  of  the  transverse  arrangementj  in  the  dorsal  wall,  on 
the  contrary,  the  fibres  become  more  or  less  oblique,  and  in  the  ventral  wall  oblique 
or  even  longitudinal.  On  the  other  hand,  the  fibres  of  the  outer  stratum,  although 
somewhat  iiTegular  in  their  course,  are  mainly  longitudinal  in  the  ventral  wall,  but 
oblique  in  the  dorsal  and  anterior  walls,  and  curvilinear  in  the  lateral.  It  is  the 
specialization  of  particular  tracts  of  fibres  for  the  attachment  of  the  walls  of  the  air- 
bladder  to  fixed  or  moveable  skeletal  elements  that  is  mainly  responsible  for  the  many 
marked  deviations  from  the  normal  arrangement. 

Broadly  speaking,  it  may  be  concluded  that  in  Macrones  the  air-bladder  consists  of 
two  physiologically  distinct  portions,  a posterior,  including  the  two  lateral  compart- 
ments, which  from  its  septate  or  camerated  structure  can  have  but  little  capacity  for 
change  of  volume  in  the  way  of  distension,  and  an  anterior  chamber  which  is  obviously 
capable  of  such  volumetric  variations.  And  also  that  any  variations  in  the  capacity 
of  the  anterior  chamber  can  only  be  produced  by  lateral  bulging  or  contraction  in 
which  the  anterior,  posterior,  dorsal,  and  ventral  walls  have  no  share.  It  may  further 
be  concluded  that  as  the  fibres  of  the  lateral  and  antero-lateral  walls  of  the  chamber 
are  directly  inserted  into  the  tripodes  at  one  extremity  while  remaining  actually  or 
relatively  fixed  at  the  other,  any  lateral  variations  of  its  internal  capacity  must  impart 
corresponding  movements  to  the  tripodes  and  to  the  remaining  Weberian  ossicles. 

As  regards  the  histological  structure  of  the  air-bladder  we  have  nothing  to  add  to 
Macullum’s  description  of  Amiurus  (24),  which  agrees  substantially  with  that 
previously  given  by  Leydig  (22)  for  other  Siluridse.  We  can  also  confirm  in  the  case 
of  Macrones  Macullum’s  statement  as  to  the  absence  of  muscular  fibres  in  the  walls 
of  the  bladder  of  Amiurus. 

In  many  Teleostei  specially  developed  retia  mirabilia  or  “ vaso-ganglia,”  invested  by 
a special  modification  of  the  epitheliiun  of  the  tunica  interna,  are  present,  usually  in 
the  form  of  conspicuous  flesh-coloured  projections  into  the  cavity  of  the  air-bladder. 
Neither  in  Macrones  nor  in  any  other  Siluroid  that  we  examined  were  these  structures 
present;  and  we  are  able  to  confirm  Macullum’s  statement  {loc.  cit.)  that  the  epithelium 
presents  no  special  or  local  modifications  where  it  invests  the  capillary  plexuses. 

The  Relations  of  the  Spinal  Nerves  to  the  Anterior  Vertehrce  and  the  Weberian 
Ossieles. — The  mode  of  exit  of  the  anterior  spinal  nerves  from  the  neural  canal,  as 
well  as  their  peripheral  distribution,  are  substantially  the  same  as  described  by 
IIamsay  Weight  in  the  case  of  Amiurus  catus  (42),  but  on  one  interesting  point  with 
reference  to  the  relations  of  the  roots  of  the  third  spinal  nerve  to  the  intercalarium, 
which  has  an  important  bearing  on  the  exact  homology  of  that  ossicle,  Macrones 
differs  from  Amiurus.  Owing  to  the  absence  of  an  ascending  process  in  the  inter- 
calarium and  the  generally  reduced  condition  of  that  ossicle  in  the  latter  Siluroid, 
Bamsay  Weight  was  unable  to  satisfy  himself  as  to  its  exact  relations  to  the  nerve 
in  question,  and  consequently  missed  an  important  item  of  confirmatory  evidence  in 
support  of  the  view  originally  suggested  by  Baudelot,  and  subsequently  adopted  by 
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Nusbaum,  Grassi,  and  himself,  that  the  intercalariurn  is  identical  with  the  neural 
arch  of  the  second  vertebra. 

The  foramen  for  the  first  spinal,  or  " hypoglossal  ” nerve,  traverses  the  exoccipital, 
and  is  seen  internally  just  over  the  roof  of  the  cavum  sinus  imparis  (fig  5,  sp.n.'),  but 
externally  is  visible  immediately  in  front  of  the  external  atrial  aperture  (figs.  1,  4,  and 
9,  sp.n.').  The  dorsal  and  ventral  roots  of  the  second  and  third  spinal  nerves  traverse 
distinct  paired  foramina  in  the  fibrous  wall  of  the  neural  canal  between  the  neural 
plate  of  the  exoccipital  in  front  and  the  arch  of  the  third  vertebra  behind.  The  roots 
of  the  second  nerve  pass  outwards  between  the  ascending  processes  of  the  scaphium 
and  intercalariurn,  the  foramen  for  the  dorsal  root  being  situated  near  and  a little 
behind  the  upper  extremity  of  the  scaphium,  and  the  one  for  the  ventral  root  at  a 
much  lower  level  (figs.  4 and  5).  The  foramina  for  the  roots  of  the  third  nerve  lie 
comparatively  close  together  between  the  ascending  process  of  the  intercalariurn  and 
the  arch  of  the  third  vertebra  (figs.  4 and  5).  The  roots  of  the  fourth  spinal  nerve  pass 
outwards  from  the  neural  canal  through  a single  foramen  in  the  anterior  part  of  the 
arch  of  the  third  vertebra  {sp.n.‘^)  ; those  of  the  fifth  nerve  through  a pair  of  foramina 
near  the  posterior  margin  of  the  arch  of  the  fourth  vertebra  [sp.n.^)  ; and  similarly 
the  roots  of  the  sixth  nerve  through  a pair  of  apertures  in  the  posterior  part  of  the 
arch  of  the  next  vertebra  : and  so  on  with  the  succeeding:  anterior  spinal  nerves 
(fig.  2). 

As  the  roots  of  the  first  to  the  fourth  spinal  nerves,  inclusive,  emerge  from  the 
neural  canal  to  pass  to  their  peripheral  distribution,  they  traverse  the  cavity  of  the 
saccus  paravertebralis  on  the  dorsal  side  of  certain  of  the  Weberian  ossicles.  The 
hypoglossal  nerve  crosses  the  interossicular  ligament,  and  emerges  from  the  saccus 
between  the  inferior  limb  of  the  post-temporal  and  tlie  opisthotic  plate  of  the  ex- 
occipital, and  immediately  behind  the  vagus.  The  second  and  third  nerves  cross  the 
anterior  process  of  the  tripus,  and  leave  the  saccus  betw^een  the  inferior  limb  of  the 
post-temporal  and  the  anterior  division  of  the  transverse  process  of  the  fourth 
vertebra.  The  fourth  nerve  emerges  from  the  posterior  extremity  of  the  saccus,  and, 
after  passing  dorsad  to  the  crescentic  process  of  the  tripus,  is  continued  by  its  ramus 
ventralis  along  the  ventral  surface  of  the  transverse  process  of  the  fourth  vertebra. 
The  rami  ventrales  of  the  two  succeeding  spinal  nerves  traverse  the  dorsal  surfaces 
of  the  transverse  processes  of  the  fourth  and  fifth  vertebrae  respectively.  As  the 
rami  ventrales  of  the  fourth  to  the  sixth  spinal  nerves,  inclusive,  pass  to  their  peri- 
pheral distribution,  tliey  curve  round  the  dorsal  and  lateral  surfaces  of  the  anterior 
chamber  of  the  air-bladder,  and,  in  the  latter  part  of  their  course,  lie  on  each  side 
between  the  lateral  cutaneous  area  and  the  lateral  wall  of  the  bladder. 

The  ventral  divisions  of  the  first  to  the  fourth  spinal  nerves,  inclusive,  are  distri- 
buted to  the  muscles  of  the  pectoral  arch  and  fin,  and  those  of  the  fifth  and  sixth  to 
the  lateral  musculature  of  the  trunk. 

Sagemehl  (33)  has  described  an  additional  spinal  nerve  as  emerging  from  the 
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neural  canal  between  the  claustrum  and  the  ascending  process  of  the  scaphium  in 
Silurus  giants.  On  this  point  we  can  only  say  that  after  a most  careful  examination 
we  have  utterly  failed  to  satisfy  ourselves  that  any  such  nerve  exists  in  Macrones. 
Ramsay  Wright  (44)  states  that  he  has  been  equally  unsuccessful  in  detecting  this 
nerve  in  Amiurus  catus. 


Other  Species  of  Macrones. 

Of  the  lemaining  species  of  Macrones  recorded  in  the  ‘ British  Museum  Catalogue/ 
we  have  examined  the  following  : — M.  planiceps,  M.  nigriceps,  M.  gulio,  M.  tengara, 
M.  Woljfii,  M.  micracanthus,  M.  Hoevenii,  and  M.  aor.  We  also  dissected  a species 
labelled  AI.  armatusf  but  which  we  were  unable  to  identify  with  certainty  as  belonging 
to  any  of  the  species  referred  to  in  the  ‘ British  Museum  Catalogue/  or  elsewhere. 
With  the  exception  of  the  last-mentioned,  the  locality  of  which  was  unknown,  all 
these  species  are  East  Indian,  collectively  ranging  from  India  eastwards  through 
Burmah,  Siam,  Java,  Sumatra,  and  Borneo. 

With  the  exception  of  Alacrones  aor  the  variations  met  with  in  the  structure  ot 
the  air-bladder  are  perhaps  of  no  great  importance,  but  nevertheless  merit  a brief 
reference  from  the  fact  that  they  illustrate  the  nature  and  extent  of  the  modifications 
that  may  occur  in  the  normal  sjiecies  of  the  same  genus,  and  Macrones  is  one  of  the 
very  few  genera  of  which  we  have  been  able  to  examine  a fairly  representative  series 
of  species. 

AI.  planiceps  and  AI.  armatus  very  closely  resemble  Al.  nemurus.  The  same  remark 
applies  also  to  AI.  nigriceps,  AI.  gulio,  AI.  tengara,  and  Al.  Woljffii,  except  that  the 
lateral  compartments  of  the  air-bladder  in  these  species  have  comparatively  undivided 
cavities,  there  being  but  slight  rudiments  of  two  or  three  secondary  transverse  septa 
in  each.  The  po.st-temporal  plates  may  also  vary  slightly  in  the  depth  of  their 
posterior  concavities.  In  AI.  micracanthus  all  traces  of  secondary  transverse  septa 
have  entirely  disappeared.  In  AI.  tengara  the  lateral  cutaneous  areas  are  rendered 
very  evident  externally  by  circular  patches  of  black  pigment,  and,  as  Gunther  (15) 
remarks,  these  ocellus-like  patches  are  more  conspicuous  in  young  than  in  old  speci- 
mens. In  AI.  Wolfii  the  walls  of  the  bladder  are  somewhat  thicker  than  in  any  other 
species  of  Macrones,  and  the  lateral  compartments  relatively  smaller.  In  M.  Hoevenii 
the  post-temporal  plates  are  unusually  expanded,  and  form  rounded  or  somewhat  oval 
laminae  of  bone,  thin,  brittle,  and  cancellous  at  their  edges,  but  much  thickened 
towards  the  centre  of  their  anterior  faces,  where  each  is  perforated  by  a tubular 
socket  for  the  head  of  the  clavicle.  The  posterior  face  of  each  plate  is  much  more 
concave  than  is  the  case  with  any  of  the  preceding  species,  and,  as  in  Al.  nemurus, 
the  concavity  is  still  further  deepened  round  its  inner  and  ventral  margins  by  the 
unusually  long  and  slender  crescentic  portion  of  the  transverse  process  of  the  fourth 

* This  specimen  was  given  to  us  by  Dr.  Day. 
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vertebra,  the  two  structures  together  forming  on  each  side  a concave  bony  surface, 
which  is  closely  applied  to  the  adjacent  antero-lateral  wall  of  the  bladder.  The  latter 
organ  is  proportionally  larger  than  in  other  species  of  the  genus,  but  the  cavities  of 
its  lateral  compartments  are  much  more  broken  up  and  sub-divided  through  the 
greater  development  of  secondary  transvei’se  septa  and  their  buttress-like  ridges. 

The  modifications  initiated  in  M.  Iloevenii  are  carried  to  an  extreme  degree  in  M. 
aor.  In  this  species  each  post-temporal  plate  instead  of  being  merely  concave  on  its 
posterior  face,  as  in  M.  Iloevenii,  becomes  curiously  bullate  and  goblet-shaped,  witn 
the  mouth  directed  backwards  and  the  much  contracted  stem  continuous  with  the 
inferior  limb  (fig.  25,  pt.p.).  Although  the  mouth  of  the  bulla  is  directed  backwards, 
its  cavity,  which  gradually  contracts,  seems  to  extend  inwards  as  an  excavation  in  the 
inferior  limb,  nearly  as  far  as  the  articulation  of  the  latter  with  the  basioccipital.  Ihe 
crescentic  distal  extremity  of  the  modified  transverse  process  encircles  and  strengthens 
the  ventral  and  inner  lips  of  the  mouth  of  the  bulla,  and  is  firmly  attached  thereto  by 
ligament.  From  the  antero-lateral  angles  of  the  anterior  chamber  of  the  air-bladder 
two  csecal  diverticula  are  given  off,  which  are  just  sufficiently  large  to  extend  into  and 
fill  the  cavities  of  the  two  bullae.  The  diverticula  are  composed  of  both  tunics  of  the 
bladder,  but  the  tunica  externa  is  extremely  thin.  With  the  exception  of  the  antero- 
lateral caeca  the  walls  of  the  air-bladder  are  much  thicker  than  is  usual  in  Macrones. 
The  ventro-lateral  margins  of  the  anterior  chamber  are  curiously  thickened  internally 
by  strong  rib-like  aggregations  of  the  vertical  fibres  of  the  inner  stratum  of  the  tunica 
externa,  which  separate  a series  of  small  slit -like  sacculi.  The  cavities  of  the  lateral 
compartments  are  partially  obliterated  by  the  excessive  development  of  the  secondary 
transverse  septa  and  their  buttress-like  bundles  of  fibres,  as  well  as  by  the  growth  of 
vertically  disposed  fibrous  columns  extending  between  their  dorsal  and  ventral  walls. 
Marginal  bundles  of  fibres  are  also  developed  in  connection  with  the  lateral  walls  of 
these  compartments,  and  extend  inwards  in  the  form  of  incomplete  septa ; the  latter, 
with  the  smaller  buttresses  which  they  give  off,  to  a large  extent  obliterate  the  lateral 
passages  by  which  the  compartments  normally  communicate  in  front  with  the  anterior 
chamber.  The  lateral  walls  of  the  anterior  chamber  are  not  in  direct  contact  with  the 
superficial  skin,  the  two  structures  being  more  or  less  completely  separated  by  the 
anterior  lobes  of  the  mesonephros,  but  in  general  structure,  and  in  the  relations  and 
attachments  of  its  fibres  to  fixed  or  moveable  portions  of  the  skeleton,  this  section  of 
the  air-bladder  presents  no  special  peculiarities.  The  Weberian  ossicles  are  almost 
precisely  similar  to  those  of  M.  nemuriis.  The  ascending  process  of  the  intercalarium, 
relatively  to  the  horizontal  process,  is  rather  stouter  than  usual,  the  latter  being 
extremely  thin  and  slender,  and,  moreover,  is  forked  at  its  outer  extremity  where 
imbedded  in  the  interossicular  ligament.  As  in  several  other  Siluroids,  the  posterior 
wall  of  the  atrial  cavities  is  strengthened  by  a small  median  process  of  bone,  apparently 
derived  from  the  posterior  and  dorsal  margin  of  the  basioccipital,  but  more  probably 
due  to  the  ossification  of  the  median  portion  of  the  fibrous  wall  Itself.  The  process  is 
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grooved  on  its  posterior  face,  and  the  groove  receives  the  vertical  ridge  of  fibrous  tissue 
which  imperfectly  separates  the  two  cavities. 

Bagrus  hayad. 

In  the  structure  of  the  air-bladder  and  in  the  general  details  of  its  osteology  this 
African  Siluroid  differs  in  no  essential  respect  from  Macrones  nemurus.  Relatively 
to  the  size  of  the  body  the  air-bladder  is  somewhat  smaller  than  in  the  latter  species, 
and,  with  the  exception  of  a single  short  but  stout  secondary  transverse  septum  in 
each  of  its  lateral  compartments,  has  smooth  walls  and  undivided  cavities.  The 
walls  of  the  bladder  are  moderately  thick,  but  somewhat  thinner  in  the  lateral  and 
antero-lateral  regions  than  elsewhere.  The  tripus  has  no  heel-like  process,  and  the 
intei’calarium  has  a well -developed  ascending  process  in  addition  to  a horizontal  one. 

Bagrus  docmac. 

In  a skeleton  of  this  species  in  the  British  Museum  we  noticed  that  the  post- 
temporal plates  were  incompletely  ossified,  a deep  cleft  extending  inwards  from  their 
outer  margins. 

Chrysichthys  macrops. 

In  a skeleton  of  this  Siluroid  in  the  British  Museum  collection  the  anterior  margin 
of  each  of  the  transverse  processes  of  the  fourth  vertebrae  was  bent  sharply  down- 
wards so  as  to  form  a vertical,  transversely  disposed  plate  which  must  have  excluded 
the  post-temporal  plate  from  contact  with  the  anterior  Avail  of  the  air-bladder. 

Bseudohagrus  hrachysoma. 

In  this  Siluroid  there  are  several  noteworthy  peculiarities  of  the  skeleton  in  which 
it  differs  from  most  of  the  preceding  species. 

The  stem  and  inferior  limb  of  the  post-temporal  (fig.  26,  pt.s.,  pt.i.)  are  no  way 
modified  to  form  the  post-temporal  plate  which  is  so  characteristic  of  the  various 
species  of  Macrones  and  Bagrus.  On  the  contrary  the  stem  is  vertically  cleft  into 
an  inner  and  an  outer  process,  and  the  cleft  Avith  its  groove-like  prolongation  forms  an 
articular  cavity  {cl.s.)  for  the  proximal  extremity  of  the  clavicle,  the  latter  being 
retained  in  position  by  strong  ligamentous  fibres  Avhich  convert  the  groove  into  a 
tubular  socket.  The  transverse  process  of  the  fourth  A’^ertebra  is  so  deeply  cleft  that 
its  divergent  anterior  and  posterior  divisions  [t.p.^a.,  are  but  slightly  united  at 

their  roots,  and  would  resemble  normal  transverse  processes  but  for  their  greater 
length  and  thickness.  The  posterior  division  [t.'p.^p.)  is  directed  obliquely  backAvards, 
and  has  its  root  connected  by  a thin  lamina  of  bone  with  the  corresponding  portion  of 
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the  succeeding  transverse  process.  The  anterior  division  is  unusually  stout, 

with  a broad  flat  root,  which  is  in  relation  by  its  ventral  surface  with  the  tripus,  but 
flattened  from  before  backwards  for  the  remainder  of  its  length.  It  has  but  a slight 
downward  curvature,  and,  instead  of  being  prolonged  into  a crescentic  distal  portion, 
as  in  Maciones,  has  its  thick  truncated  extremity  firmly  applied  to  the  inner  moiety  of 
the  cleft  post-temporal  stem  in  such  a way  as  to  deepen  the  articular  groove  for  the 
clavicle  by  strengthening  its  inner  margin,  and  at  the  same  time  entirely  excludes  the 
post-temporal  from  contact  with  any  portion  of  the  anterior  wall  of  the  air-bladder. 
From  this  arrangement  it  will  follow  that  the  transverse  processes  alone  furnish  the 
usual  bony  buttresses  for  the  antero-lateral  regions  of  the  bladder,  in  addition  to 
aflbrding  a firm  and  rigid  support  to  the  pectoral  girdle.  At  their  junction  the  post- 
temporal and  transverse  process  are  firmly  united  together  by  ligament.  A transverse 
membrame  stretches  between  the  distal  extremities  of  the  anterior  divisions  of  the 
modified  transverse  processes,  in  close  relation  with  the  proper  anterior  wall  of  the 
bladder,  and  elsewhere  has  the  same  skeletal  attachments  as  in  Macrones. 

The  air-bladder  has  fairly  thick  walls,  and  is  subdivided  in  the  usual  way  into  an 
anterior  and  two  lateral  compartments.  Relatively  to  the  anterior  chamber,  the  lateral 
compartments  are  somewhat  larger  than  is  usually  the  case,  and  extend  backwards  in 
the  abdominal  cavity  as  far  as  the  origin  of  the  seventh  pair  of  ribs.  The  primary 
transverse  septum  is  exceptionally  narrow,  and  forms  a stout  column  of  vertically 
disposed  fibres.  The  longitudinal  septum  is  incomplete  posteriorly,  so  that  the  two 
lateral  chambers  communicate  with  each  other  directly,  as  well  as  indirectly,  through 
the  anterior  compartment.  There  are  no  secondary  transverse  septa,  and  both  the 
anterior  and  lateral  compartments  have  smooth  non-sacculated  walls.  In  all  other- 
points  the  air-bladder  closely  resembles  that  of  Macrones  nemurus. 

The  outer  surface  of  each  lateral  cutaneous  area  is  rendered  very  conspicuous  by  a 
large  circular  patch  of  black  pigment,  surrounded  by  a white  margin. 

The  Weberian  ossicles  are  also  very  similar  to  those  of  Macrones;  the  tripus, 
however,  has  no  heel-like  process.  The  relative  lengths  of  the  anterior  and  crescentic 
processes  of  this  ossicle  are  8 mm.  and  6 mm.  respectively,  instead  of  being  approxi- 
mately equal. 

The  posterior  wall  of  the  atria  sinus  imparis  is  strengthened  by  a spicular  uj)growth 
from  the  dorsal  margin  of  the  hinder  face  of  the  basioccipital,  as  in  Macrones  aor. 

Pseudohagrus  fulvi-draco. 

The  skeleton,  air-bladder  and  Weberian  ossicles  of  this  species  are  precisely  similar 
to  those  of  P.  hrachysoma. 

Liocassis  micro'pogon. 

In  this  and  the  next  species  {Bagroides  melanopterus)  we  meet  with  a reversion  to 
the  Macrones  type. 
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In  Liocassis  there  is  a well  developed  post-temporal  plate,  with  a concave  posterior 
face,  and  a thickened  and  convex  anterior  surface.  To  the  ventral  and  inner  margins 
of  each  plate  the  crescentic  extremity  of  the  anterior  division  of  the  transverse  process 
of  the  fourth  vertebra  is  applied,  precisely  aa  in  Macrones.  The  air-bladder  closely 
resembles  that  of  Pseudobag but  relatively  to  the  size  of  the  body,  is,  perhaps, 
somewhat  smaller,  the  reduction,  however,  being  mainly  at  the  expense  of  the  lateral 
compartments.  Both  the  anterior  and  lateral  chambers  have  undivided  cavities  and 
perfectly  smooth  walls.  The  primary  transverse  septum  is  represented  by  a stout 
vertical  column  of  fibres,  continuous  behind  with  the  longitudinal  septum,  and  having 
its  dorsal  margin  attached  to  the  skeleton  in  the  usual  fashion.  The  longitudinal 
septum  is  complete  posteriorly. 

The  tripus  has  but  the  barest  rudiment  of  a heel-like  process,  but  in  all  other  points 
the  Weberian  ossicles  are  in  close  agreement  with  those  of  the  type  form. 

Bagroides  melanoptenis. 

This  species  is  to  some  extent  intermediate  between  Liocassis  micropogon  and 
Macrones  Hoevenii.  In  the  nature  of  its  skeletal  modifications  Bagroides  closely 
resembles  the  latter,  but  as  regards  its  air-bladder  the  agreement  is  with  Liocassis; 
nevertheless,  Bagroides  has  one  or  two  noteworthy  peculiarities  of  its  own. 

Each  post-temporal  plate  is  unusually  large,  and  extends  inwards  along  the  lower 
border  of  the  inferior  limb — with  which,  of  course,  it  is  continuous — nearly  as  far  as 
the  articulation  of  the  latter  with  the  basiocclpital.  In  shape  the  plate  is  a somewhat 
ii’regular  oval,  the  long  axis  of  v.Eich  is  directed  from  within  outwards  and  downwards. 
The  posterior  face  of  the  plate  is  deeply  concave,  resembling  a shallow  cup ; its  peri- 
pheral margins  are  exti-emely  thin  and  brittle,  but  towards  the  centre  of  its  anterior  face 
the  plate  becomes  greatly  thickened,  and  is  at  the  same  place  perforated  by  a tubular 
and  vertically-disposed  socket  for  the  proximal  end  of  the  clavicle.  The  crescentic 
distal  extremity  of  the  modified  transverse  process  is  much  shorter  than  in  Macrones, 
but  has  the  same  relations  to  the  ventral  and  inner  margins  of  the  correlated  post- 
temporal plate  as  in  the  latter  Siluroid,  or,  more  particularly,  as  in  M.  Hoevenii.  At 
the  junction  of  the  crescentic  process  with  the  much  thicker  root  of  the  transverse 
process  there  is  a deep  groove,  which  is  concave  from  above  downwards,  and  looks 
forwards  and  a little  outwards  ; and  into  this  groove  is  received  a rounded  articular 
ridge  on  the  posterior  face  of  the  inferior  limb  of  the  post-temporal,  near  the  junction 
of  the  latter  with  the  post-temporal  plate.  The  interlocking  articulation  of  the  Iavo 
structures  enables  the  transverse  process  to  afford  an  exceptionally  firm  support  to  the 
shoulder-girdle.  The  ligament  described  and  figured  in  Macrones  nemurus  as  passing 
between  the  transverse  process  and  the  post-temporal  plate,  although  present  in  most 
ot  the  species  so  far  described,  is  absent  in  Bagroides. 

The  air-bladder  is  somewhat  pyriform  in  shape,  with  the  broad  end  directed  for- 
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wards,  and  has  thicker  and  more  rigid  walls  than  usual.  In  the  smoothness  of  its 
inner  surface,  and  in  the  total  absence  of  all  trace  of  secondary  transverse  septa,  as 
well  as  in  the  narrow  column-like  shape  of  the  primary  transverse  septum,  the  air- 
bladder  very  closely  resembles  that  of  Liocassis.  A short  tubular  csecum  is  attached 
to  the  posterior  end  of  the  bladder,  and  has  its  cavity  subdivided  into  two  lateral  canals 
by  a corresponding  backward  prolongation  of  the  longitudinal  septum,  which  separates 
the  two  lateral  compartments  anteriorly.  The  two  canals  are  distinct  from  each  other, 
but  communicate  with  their  respective  lateral  chambers  in  front.  In  the  general 
structure  of  the  walls  of  the  anterior  chamber,  and  in  the  relations  and  attachments 
of  their  principal  sheets  of  fibres  to  fixed  parts  of  the  skeleton  and  to  the  tripodes, 
Bagroides  exhibits  no  perceptible  difference  from  Macrones.  We  have  described  the 
walls  of  the  air-bladder  as  being  thicker  and  more  rigid  than  usual , but  this  statement 
does  not  accurately  apply  to  the  antero-lateral  regions  of  the  anterior  chamber,  for 
there  the  walls  are  extremely  thin  over  definitely  circumscribed  areas  exactly 
co-extensive  with  the  post-temporal  plates.  In  each  area  the  wall  of  the  bladder 
appears  to  be  formed  mainly,  if  not  exclusively,  by  the  vertically  disposed  fibres  of 
the  inner  stratum  of  the  tunica  externa,  with  the  addition  of  the  extremely  thin 
tunica  interna.  Both  areas  bulge  forwards  into  the  concavities  of  their  respective 
post-temporal  plates. 

The  Weberian  ossicles  are  very  similar  to  those  of  3£acrones,  except  that  the  heel- 
like process  of  the  tripus  is  of  unusual  length,  being,  in  fact,  as  long  as  the  posterior 
or  inwardly-curved  segment  of  the  crescentic  process.  The  intercalarium  has  tolerably 
stout  ascending  and  horizontal  processes. 


Rita  crucigera. 

This  species,  so  remarkable  for  the  enormous  size  of  its  pectoral  and  dorsal  spines, 
which  in  a specimen  less  than  twelve  inches  long  were  four  and  a half  and  three 
inches  in  length,  respectively,  and  proportionally  massive,  vei’y  closely  resembles 
Pseudohagrus  hrachysoma  in  most  of  the  osteological  details  with  which  we  are  now 
concerned. 

The  decurved  anterior  division  of  the  transverse  process  of  the  fourth  vertebra  is 
somewhat  shorter  than  usual  but  very  massive.  Its  distal  half  is  flattened  from 
before  backwards,  and,  anteriorly,  is  firmly  applied  to  the  relatively  slender  inferior 
limb  of  the  post-temporal,  to  the  entire  exclusion  of  the  latter  from  contact  with  any 
portion  of  the  anterior  wall  of  the  air-bladder.  The  distal  portion  of  the  process  is 
not  produced  into  a crescentic  prolongation  but  somewhat  abruptly  ceases  at  the 
point  where  it  forms  the  inner  margin  of  the  articular  groove  for  the  clavicle.  The 
altogether  exceptional  thickness  of  these  processes  is  obviously  correlated  with  the 
equally  exceptional  development  of  the  pectoral  spines  and  the  girdle  which  supports 
them.  The  superficial  o.ssifications  investing  the  complex  and  fifth  vertebral  centra 
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agree  in  the  extent  of  their  growth  with  those  of  Macrones  nemurus.  The  oblique 
lateral  ridges  of  the  complex  centrum  are  but  feebly  developed,  and  each  ridge  is 
directly  continuous  with  the  dorsal  lamina  of  its  side.  The  radial  nodule  is  a short 
but  thick  ossification,  firmly  attached,  but  not  anchylosed,  to  about  the  centre  of  the 
confluent  lateral  ridge  and  dorsal  lamina.  The  stem  and  ascending  process  of  the 
post-temporal  together  form  a broad  granulated  plate  which  is  freely  exposed  on  the 
siu’face  of  the  body,  near  the  postero-lateral  angle  of  the  skull.  The  posterior  process 
of  the  clavicle  (fig.  27,  cl.p.)  is  unusually  long  and  broad,  and  extends  backwards  to 
about  the  level  of  the  second  rib  ; its  upper  margin  is  slightly  concave,  and  coincides 
with  the  inferior  limit  of  the  lateral  cutaneous  areas  of  its  side. 

The  anterior  chamber  of  the  air-bladder  (fig.  27,  ax.)  has  the  normal  size  relatively 
to  that  of  the  body,  but  the  lateral  compartments  {l.c.)  are  very  imperfectly  developed, 
although  they  have  the  usual  relations  to  the  former,  and  are  separated  from  each  other 
by  a short,  stout,  longitudinal  septum  {l.s.).  The  primary  transverse  septum  {t.s.)  is  some- 
what contracted  but  extremely  thick,  and  its  dorsal  edge  has  an  extensive  attachment 
to  the  lateral  surfaces  of  the  centrum  of  the  fifth  vertebra  and  to  the  ventral  surfaces  of 
its  transverse  processes.  The  anterior  wall  of  the  bladder  is  firmly  buttressed  by  the 
anterior  divisions  of  the  modified  transverse  processes  {t.p.^a.),  and  externally  to  this, 
in  the  antero-lateral  regions,  by  the  concave  inner  surfaces  of  the  clavicle  and  its 
posterior  process.  Apparently  by  way  of  compensation  for  the  small  size  of  the 
lateral  chambers,  two  comparatively  thin-walled  cmcal  diverticula  are  given  off  from 
the  postero-lateral  regions  of  the  anterior  chamber,  which  extend  backwards,  one  on 
each  side  of  the  abdominal  cavity  nearly  as  far  as  the  anus  (fig.  27,  c.dv.).  These 
diverticula  are  simple  cmca,  tubular  in  shape,  and  of  fairly  uniform  calibre  through- 
out, but  communicating  with  the  anterior  chamber  by  wide  funnel-shaped  mouths, 
situated  at  the  outer  side  of  the  apertures  whereby  the  same  compartment  opens  into 
the  two  rudimentary  lateral  chambers.  The  cavities  of  tlie  caeca  are  simple  and 
undivided.  In  a brief  reference  to  the  air-bladder  of  this  species.  Day  (9)  describes 
the  right  caecal  diverticulum  as  usually  passing  over  to  the  left  side,  and  then  curving 
across  the  commencement  of  the  left  one,  while  the  latter  at  first  passes  backwards 
and  is  then  sometimes  curved  on  itself,  but  in  the  only  specimen  at  our  disposal  the 
caeca  pursued  a fairly  straight  course  backwards  towards  the  anus,  and  finally  bent 
slightly  inwards  towards  each  other.  With  the  exception  of  these  caecal  outgrowths 
the  walls  of  the  air-bladder  are  exceptionally  thick,  but  nevertheless  retain  their 
normal  attachments  both  to  fixed  portions  of  the  skeleton  and  to  the  moveable 
tripodes.  It  will  be  noticed,  however,  that  the  dorsal  attachments  of  the  lateral 
portions  of  the  primary  transverse  septum  are  to  the  ventral  surfaces  of  the  transverse 
processes  of  the  fifth  vertebra,  instead  of,  as  in  Macrones,  to  those  of  the  fourth 
vertebra,  and  it  is  apparently  due  to  the  backward  shifting  of  these  attachments  that 
the  posterior  pillars  lose  their  direct  insertion  into  the  posterior  margins  of  the  dorsal 
laminae. 
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Of  the  Weberian  ossicles,  the  tripus  and  the  scaphium  are  for  the  most  part 
perfectly  normal ; the  intercalarium,  however,  has  neither  ascending  nor  horizontal 
processes,  and,  in  fact,  is  represented  only  by  a small  nodule  of  bone  imbedded  in  the 
middle  of  the  interossicular  ligament.  The  tripus  {tr.c.)  has  no  heel-like  process,  and 
its  anterior  extremity  is  somewhat  thickened  for  the  attachment  of  the  stout 
interossicular  ligament.  In  correlation  with  the  exceptional  thickness  of  the  walls 
of  the  air-bladder  the  crescentic  process,  and  its  ventral  ridge,  are  more  stoutly 
developed  than  in  most  of  the  preceding  types. 

Akysis  variegatus. 

We  have  only  been  able  to  examine  solitary  examples  of  the  two  rare  species, 
Akysis  variegat  us  and  Acrochordonichthys  pleurostigma,  and  it  unfortunately  happened 
that  both  specimens  were  too  badly  preserved  to  admit  of  our  results  being  otherwise 
than  incomplete.  We  regret  this  the  more  because  it  is  obvious  that  in  these  species 
both  the  air-bladder  and  the  skeleton,  and  especially  the  former,  differ  considerably 
from  the  more  normal  types  of  those  structures  that  we  have  so  far  described.  As 
our  specimen  of  Akysis  was  slightly  the  better  preserved  of  the  two,  we  shall  deal  with 
it  first. 

Tlie  centrum  of  the  first  vertebra  is  a thin  discoidal  bone  completely  excluded  from 
view  on  the  ventral  surface  by  the  forward  extension  of  the  superficial  ossifications. 
The  complex  and  fifth  vertebrae  are  rigidly  connected  together,  and  as  firmly  united 
to  the  skull  by  the  superficial  ossifications,  which  not  only  invest  the  lateral  surfaces 
of  their  centra,  but  also  extend  forwards  on  to  the  ventral  surface  of  the  body  of  the 
first  vertebra,  and  even  slightly  overlap  the  basioccipital.  The  sixth  vertebra  is  quite 
free,  and  its  transverse  processes  carry  the  first  pair  of  ribs.  The  spine  of  the  third 
vertebra  is  represented  by  a thin  lamina  of  bone,  the  dorsal  margin  of  which  slopes 
downwards  towards  the  skull,  and  articulates  by  a serrated  suture  with  a descending 
process  derived  from  the  supraoccipital  spine.  The  spinous  process  of  the  fourth 
vertebra  is  exceptionally  massive,  and  cleft  distally  for  the  support  of  the  first 
two  interspinous  bones  of  the  dorsal  fin.  The  transverse  process  of  the  fourth  vertebra 
is  not  only  greatly  expanded,  but  its  anterior  and  posterior  margins  are  somewhat 
decurved  so  as  to  form  the  anterior  and  posterior  boundaries  of  a shallow  concave 
recess  on  the  ventral  side  of  the  process  (fig.  29,  t.pA).  The  anterior  margin  is  much 
thicker  and  more  strongly  decurved  than  the  posterior,  especially  towards  its  outer 
extremity,  where,  in  addition,  it  curves  slightly  backwards.  The  remainder  of  tlie 
process  is  comparatively  thin  and  somewhat  triangular  in  shape,  with  the  apex 
directed  outwards.  The  decurved  anterior  portion,  and  the  thin  triangular  lamina 
respectively  represent  the  usual  anterior  and  posterior  divisions  into  which  this  trans- 
verse process  is  normally  divided.  The  corresponding  proce.ss  of  the  fifth  vertebra  is 
more  strongly  developed  than  its  successors,  with  a slight  forward  inclination  and  a 
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pointed  distal  extremity,  but  confluent  at  its  broad  base  with  the  root  of  the  preceding 
process  [t.p.  5). 

Superficial  ossifications  greatly  thicken  the  ventro-lateral  margins  of  the  complex 
and  fiftli  vertebral  centra,  and  there  form  well-marked  longitudinal  ridges ; they  are 
also  produced  ventrally  and  enclose  between  them  a fairly  conspicuous  groove  for  the 
dorsal  aorta  (fig.  29,  Ci.g.).  Near  the  hinder  extremity  of  the  complex  centrum  each 
longitudinal  ridge  is  produced  slightly  outwards  into  a short  triangular  process 
(fig.  29),  which  is  clearly  a rudimentary  representative  of  the  very  similar,  but  much 
more  pronounced  ventral  process  of  Bagarius  and  Glyptosternum,  and,  like  the  latter, 
has  its  origin  from  a ridge-like  thickening  of  the  superficial  ossification.  We  could 
detect  no  trace  of  an  oblique  lateral  ridge  in  connection  with  the  complex  centrum, 
but  a dorsal  lamina  is  on  each  side  represented  by  a thin  slender  spicule  of  bone 
which  becomes  detached  from  the  ventral  surface  of  the  modified  transverse  process 
at  a point  a little  behind,  and  to  the  inner  side  of,  the  distant  extremity  of  the 
crescentic  process  of  the  tripus,  and,  after  passing  downwards,  inwards,  and  a little 
forwards,  ventrad  to  the  cardinal  groove,  terminates  in  a free  extremity  close  to  the 
lateral  surface  of  the  complex  centrum,  or  rather  is  connected  with  the  latter  by  a 
fibrous  extension  only  (fig.  29,  d.l.).  The  groove  for  the  posterior  cardinal  vein  is 
very  evident  on  the  right  side,  between  the  thickened  ventro-lateral  edges  of  the 
complex  and  fifth  centra  and  the  ventral  surfaces  of  the  roots  of  the  contiguous 
transverse  processes.  In  the  region  of  the  dorsal  lamina,  it  is  obvious  that,  as  usual, 
the  groove  is  almost  completely  encircled  by  bone.  On  the  left  side  the  groove  is 
inconspicuous. 

The  ascending  process,  and  the  stem  of  the  post-temporal  together  form  an 

expanded  plate  of  bone  at  each  of  the  postero-lateral  angles  of  the  skull,  which  covers 
the  epiotic  and  articulates  in  the  usual  way  with  the  pterotic  in  front,  and  the  supra- 
occipital  above.  The  inferior  limb  {'pt.  i.)  is  very  slender,  and  has  but  a slight 
forward  inclination  as  it  passes  inwards  to  join  the  basioccipital  (6.O.).  Its  outer 
extremity  firmly  articulates  with  the  recurved  distal  end  of  the  anterior  division  of 
the  modified  transverse  process,  and  the  two,  in  conjunction  with  the  inner  surface  of 
the  post-temporal  stem,  combine  to  form  a deep  articular  groove  for  the  proximal 
extremity  of  the  clavicle  {cl.). 

The  air-bladder  is  represented  by  two  laterally- situated  and  somewhat  ovoid, 
thin- walled  sacs,  each  of  which  occupies  the  concavity  of  the  bony  recess,  formed  by 
the  modified  transverse  process  of  its  side'""  (fig.  30,  a.s.).  There  is  no  trace  of  lateral 
compartments,  or  of  any  connection  between  the  two  sacs  otherwise  than  by  a thin 
solid  stratum  of  fibres,  which  extends  transversely  between  the  two,  and  in  the 
median  line  is  firmly  adherent  to  the  ventral  surface  of  the  complex  centrum  ; 
neither  could  we  detect  any  trace  of  a ductus  pneumaticus.  The  anterior  and 

* Tn  a specimen  three  and  a half  inches  in  length,  each  air-sac  was  3'5  mm.  long  and  2‘7  mm. 
in  width. 
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posterior  walls  of  each  sac  seemed  to  be  closely  attached  to  the  corresponding 
margins  of  the  bony  recess,  in  which  the  sac  itself  is  partially  enclosed,  while  the 
inner  wall  is  similarly  adherent  to  the  lateral  surface  of  the  complex  centrum,  to  the 
triangular  ventral  process,  and  to  the  dorsal  lamina.  The  rigid  skeletal  attachments 
of  the  two  air-sacs  are  substantially  similar  to  those  of  the  similarly  modified  air- 
bladders  of  Bagarius  and  Glyptosternum,  and,  probably,  as  we  shall  point  out  more 
particularly  in  our  description  of  the  last-mentioned  genus,  are  capable  of  strict 
comparison  with  the  attachments  of  a normal  anterior  chamber,  or,  at  least,  present 
only  such  differences  as  are  necessitated  by  the  constriction  of  the  bladder  into  two 
distinct  lateral  divisions.  Although  obvious  enough  elsewhere,  we  could  detect  no 
definite  disposition  of  fibres  in  the  dorsal  wall  of  either  of  the  two  air-sacs,  neither 
could  we  trace  the  usual  convergence  of  fibres  from  the  antero-lateral  and  outer  walls 
towards  the  crescentic  process  of  the  tripus  ; in  fact  the  dorsal  wall  of  both  sacs 
appeared  to  be  represented  solely  by  an  extremely  thin  stratum  of  connective  tissue. 
We  are  inclined  to  regard  this  stratum  as  belonging  to  the  inner  tunic,  the  tunica 
externa  of  the  dorsal  wall  having  completely  atrophied.  We  were  unable  to  discover 
any  trace  of  an  investing  epithelium,  but  failure  in  this  respect  was  probably  due  to 
the  ill-preserved  condition  of  the  specimen.  It  is,  of  course,  possible  that  the  apparent 
degeneration  of  the  proper  fibrous  portion  of  the  dorsal  wall  may  also  be  the  result  of 
the  same  cause,  but  from  the  undoubted  existence  of  similar  structural  lesions  in 
other  abnormal  Siluridse  we  prefer,  provisionally  at  any  rate,  to  regard  this  condition 
as  normal  so  far  as  Akysis  is  concerned. 

The  possibility  that  structural  defects  in  the  connection  of  the  walls  of  the 
air-bladder  with  the  tripodes  might  be  correlated  with  the  existence  of  similar 
retrogressive  modifications  in  those  portions  of  the  internal  ear  which  are  specially 
associated  wuth  the  Weberian  mechanism,  induced  us  to  make  a careful  examination 
of  the  cavum  sinus  imparis  and  its  contents.  The  cavum  itself  and  its  atrial 
diverticula  appeared  to  be  perfectly  normal,  but  relatively  small  in  point  of  size. 
A ductus  endolymphaticus  was  present,  but  of  a sinus  endolymphaticus  we  could 
find  no  trace  whatever.  How  far  our  inability  to  discover  the  latter  structure  was 
due  to  the  condition  of  the  specimen,  or  to  its  real  absence,  we  are  unable  to  say,  but 
while  admitting  the  possibility  of  the  former  alternative,  we  must  point  out  that  the 
latter  receives  some  support  from  the  almost  certain  suppression  of  the  sinus  in 
other  and  in  many  respects  similarly  abnormal  Siluridse. 

Of  the  Weberian  ossicles  the  scaphium  has  no  ascending  process,  but  is  otherwise 
normal ; its  condyle  is  at  the  hinder  extremity  of  the  spatulate  process,  which, 
anteriorly,  has  the  usual  relations  to  the  external  atrial  aperture  of  its  side.  The 
intercalarium  is  reduced  to  a very  small  nodule,  imbedded  in  the  interossicular 
ligament,  having  lost  both  its  ascending  and  horizontal  processes.  We  could  find  no 
trace  of  claustra.  The  tripus  is  a triradiate  and  very  slender  ossicle  (fig.  29,  tr.). 
The  anterior  process  is  directed  forwards  and  a little  inwards  as  it  passes  to  its 
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connection  with  the  scaphium  ; the  crescentic  process,  on  the  contrary,  is  directed 
backwards  and  slightly  outwards,  and,  instead  of  curving  inwards  towards  the 
complex  centrum,  remains  in  a straight  line  with  the  anterior  process,  and  rapidly 
tapers  to  an  acutely  pointed  distal  extremity.  At  the  junction  of  the  two  processes, 
and  on  the  inner  side  of  the  ossicle,  a long  and  slender  articular  process  is  given  off, 
which  also  tapers  to  a point  and  ultimately  fits  into  a deep  pit  on  the  lateral  surface 
of  the  anterior  portion  of  the  complex  centrum.  The  crescentic  process  of  each 
tripus  occupies  the  same  relative  position  with  regard  to  the  inner  portion  of  the 
degenerate  dorsal  wall  of  the  corresponding  air-sac  that  it  does  in  each  of  the  lateral 
halves  of  the  anterior  chamber  of  a normal  air-bladder,  with  its  inner  margin  directed 
towards  the  ligamentous  connection  of  the  dorsal  lamina  with  the  side  of  the  complex 
centrum.  The  radial  fibres  of  the  tripus  appear  to  be  represented  by  a few  scattered 
fibres  derived  from  the  dorsal  edge  of  the  inner  wall  of  each  air-sac  and  inserted 
into  the  inner  margin  of  the  crescentic  process. 


Akysis  Kurzii,  Day. 

Day  (9,  pp.  703-4)  describes  a new  species  of  Akysis  from  Pegue  Yomas  under  this 
name.  The  air-bladder  is  said  to  be  “ small,  in  the  abdominal  cavity,  not  enclosed  in 
bone,”  but  the  description  is  obviously  too  brief  to  allow  of  any  comparison  with 
A.  variegatus. 

Acrochordonichtli ys  pleurostigma. 

The  only  example  of  this  interesting  Javan  species  that  we  have  been  able  to 
examine  was  about  two  inches  in  length,  and,  unfortunately,  in  an  even  worse  state  of 
preservation  than  our  solitary  specimen  of  Akysis.  So  far,  however,  as  we  were  able 
to  determine,  Acrochonlonichthys  closely  resembles  Akysis,  both  in  the  condition  of 
the  air-bladder,  and  in  the  nature  of  the  modifications  which  the  anterior  vertebrae 
and  their  processes  undergo. 

The  transverse  processes  of  the  fourth  vertebra  (fig.  28,  tp})  are  greatly  expanded 
and  enclose  on  each  side  on  their  ventral  surfaces  shallow  concave  recesses,  each  of 
which  is  separated  from  its  fellow  of  the  opposite  side  by  the  somewhat  compressed 
centrum  of  the  com2)lex  vertebra.  The  anterior  margin  of  each  recess  is  strongly 
decurved,  the  posterior  and  other  margins  but  very  slightly  so.  The  free  distal 
extremity  of  the  anterior  margin  is  somewhat  produced  and  recurved.  The  transverse 
process  of  the  fifth  vertebra  resembles  those  of  the  succeeding  rib-bearing 

vertebrae,  and  forms  no  part  of  the  bony  recesses  for  the  air-sacs.  The  lateral  ridge 
of  the  complex  centrum  and  the  corresponding  dorsal  lamina  form  a feebly  developed 
but  continuous  ridge  extending  along  the  side  of  the  centrum  obliquely  upwards, 
backwards,  and  outwards  towards  the  ventral  surface  of  the  root  of  the  modified 
transverse  jjrocess.  We  could  find  no  trace  of  the  usual  lateral  grooves  for  the 
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posterior  cardinal  veins,  or  of  the  ventral  outgrowths  from  the  superficial  ossifications 
which  are  so  conspicuous  a feature  in  Bagarius  and  Glyptosternum,  and  to  a less 
extent  in  Ahysis  also. 

The  stem  and  ascending  process  of  the  post-temporal  are  very  similar  to  those  of 
Ahysis.  The  inner  surface  of  the  stem  forms  the  outer  boundary,  and  the  recurved 
distal  portion  of  the  modified  transverse  process  the  inner  and  anterior  walls,  of  the 
socket  for  the  head  of  the  clavicle  [cl.).  There  is  no  trace  of  an  inferior  limb,  in  fact, 
this  process  seems,  as  it  were,  to  have  been  crowded  out  by  the  abutment  of  the 
anterior  margin  of  the  transverse  process  against  the  posterior  and  opisthotic  plates 
of  the  exoccipital. 

The  air-bladder  differs  in  no  essential  feature  from  that  of  Ahysis,  and,  as  in  the 
latter  Siluroid,  is  completely  constricted  into  two  small  laterally  placed  air-sacs, 
which  occupy  the  concavities  of  the  modified  transverse  processes  of  the  fourth 
vertebra  (fig.  30,  a.s.).^  There  is  no  communication  between  the  two  sacs,  neither  is 
there  a ductus  pneumaticus.  As  regards  the  skeletal  attachments  of  the  air-bladder, 
the  degenerate  condition  of  its  dorsal  wall,  and  the  apparent  atrophy  of  the  sinus 
endolymphaticus,  there  is  also  an  extremely  close  resemblance  between  the  two 
genera,  and  this  agreement  further  extends  in  almost  every  detail  to  the  condition  of 
the  Weberian  ossicles. 

It  must  be  admitted  that  while  there  are  several  features  in  connection  with  the 
air-bladder  in  Acrochorclonichthys  and  Ahysis  which  favour  the  belief  that  its  structural 
peculiarities  are  due  to  the  degeneration  of  an  originally  normal  bladder,  our  results 
are  not  quite  conclusive  on  this  point.  Mere  reduction  in  the  size  of  the  air-bladder 
is  obviously  not  sufficient  to  prove  the  uselessness  of  its  connection  with  the  auditory 
organ  through  the  Weberian  mechanism,  but  structural  imperfections  in  either 
organ,  or  in  the  connecting  ossicles,  would  be  decisive.  That  the  two  air-sacs  are 
distinct  we  have  no  doubt,  and  the  total  atrophy  of  the  ductus  pneumaticus  seems 
equally  certain,  but  more  definite  information  as  to  the  presence  or  absence  of  the 
sinus  endolymphaticus,  and  as  to  the  condition  of  the  dorsal  walls  of  the  air-sacs  and 
their  relations  to  the  tripodes,  is  desirable  before  it  can  be  positively  affirmed  that 
the  air-bladder  and  Weberian  mechanism  are  physiologically  useless  in  these  genera. 
Our  failure  to  find  a sinus  endolymphaticus  may  be  due,  as  we  have  already  pointed 
out,  either  to  its  absence,  as  we  suggest,  or  to  the  imperfect  preservation  of  our 
specimens,  but  if  the  former  alternative  be  true,  our  tentative  conclusions  on  other 
uncertain  points  would  receive  strong  support,  for  if  the  physiological  connection  of 
the  Weberian  ossicles  and  the  air-bladder  were  lost  through  the  partial  or  complete 
atrophy  of  the  dorsal  walls  of  the  air-sacs,  it  would  be  reasonable  to  anticipate  the 
existence  of  similar  retrogressive  changes  in  that  part  of  the  auditory  organ  which  is 
specially  related  to  those  structures.  In  subsequently  dealing  with  two  other 
abnormal  Siluroids  [Bagarius  and  Glyptosternum)  we  shall  point  out  that  they 
* The  dimensions  of  each  sac  were  : length,  2 3.3  mra.,  width,  l o ram. 
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furnish  strong  confirmatory  evidence  in  support  of  our  provisional  conclusions  with 
regard  to  Acrochorclonichthys  and  Akysis. 

Olyra  hurmanica,  Day. 

The  air-bladder  in  this  species  is  said  by  Day  (10,  p.  711)  to  be  “large,  thin, 
and  not  enclosed  by  bone.”  Brief  as  this  description  is,  it  may  be  legitimately 
inferred  that  the  air-bladder  is  of  the  normal  Siluroid  type. 


Amiurus  catus. 

Bamsay  Weight  (41  and  42)  has  described  not  only  the  condition  of  the  anterior 
vertebrae  in  the  adult,  but  also  their  development  in  very  young  examples  of  this 
species.  These  vertebrae  are  figured  as  seen  in  a ventral  view  and  in  longitudinal 
vertical  section  (42,  Plate  IV.,  figs.  7-8).  Various  sections,  horizontal  and  transverse, 
through  the  cranium,  auditory  organ,  and  the  anterior  vertebrae  of  young  specimens 
(3-4  cm.  in  length)  are  also  represented  [loc.  cit.,  figs.  9-15),  but  no  figures  of  the  air- 
bladder  or  of  its  various  skeletal  attachments  are  given.  We  have  dissected  several 
examples  of  the  species,  and  can  confirm  the  accuracy  of  Ramsay  Wright’s  account 
so  far  as  the  adult  Fish  is  concerned. 

Both  as  regards  its  skeletal  modifications  and  the  structure  of  the  air-bladder, 
Amiurus  exhibits  a general  resemblance  to  Pseudohagrus  hracliysoma.  The  two 
species  differ,  however,  in  certain  minor  features.  In  Amiurus  the  centrum  of  the  first 
vertebra  is  said  to  be  provided  with  a pair  of  rudimentary  transverse  processes.  The 
transverse  processes  of  the  fourth  vertebra  are  somewhat  more  expanded  than  in 
Pseudohagrus,  and  their  anterior  and  posterior  divisions  are  less  obviously  distinct. 
The  sixth  vertebral  centrum  is  not  invested  by  superficial  ossifications,  and  is  therefore 
free.  As  is  Pseudohagrus,  there  are  no  post-temporal  plates. 

The  air-bladder  is  normal.  The  primary  transverse  septum  is  wider  than  in  Pseudo  ^ 
hagrus.  There  are  no  secondary  transverse  septa,  and  unlike  Pseudohagrus,  the 
longitudinal  septum  is  complete  posteriorly.  The  skeletal  attachments  of  the  bladder 
are  essentially  similar  to  those  of  Macrones.  Ramsay  Wright  {loc.  cit.)  describes  the 
anterior  wall  as  attached  dorsally  to  the  ventral  edge  of  the  transverse  process  of  the 
fourth  vertebra  ; this  attachment,  however,  is  really  the  dorsal  insertion  of  what  we 
have  hitherto  called  the  transverse  membrane  into  the  anterior  margin  of  the  process, 
and  does  not  implicate  the  proper  anterior  wall  as  in  Arius  and  its  allies. 

The  scaphium  is  normal,  but  the  intercalarium  has  neither  ascending  nor  horizontal 
processes,  and  is  represented  by  a small  osseous  nodule  in  the  interossicular  ligament. 
The  tripus  is  also  normal,  but  is  without  the  heel-like  process  so  characteristic  of  this 
ossicle  in  Macrones,  and  many  of  the  preceding  types. 
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Platijstoma  tigrinum. 

We  have  been  able  to  examine  two  examples  of  this  interesting  South  American 
Ibrm,  one,  a skeleton,  about  2^  feet  in  length,  now  in  the  Zoological  Museum  of  the 
Mason  College,  and  the  other  a spirit-preserved  specimen  about  15  inches  long.  Our 
description  of  the  skeleton  applies  more  particularly  to  the  larger  of  the  two 
examples. 

The  series  of  rigidly  interconnected  anterior  vertebrae  includes  the  first,  the 
complex  and  the  fifth  and  sixth  vertebrae,  but  the  articulation  of  these  vertebrae  with 
the  skull  is  of  a somewhat  more  flexible  character  than  is  the  case  with  most  other 
Siluridae.  As  compared  with  those  of  the  normal  free  vertebrae  which  succeed  them, 
the  centra  of  the  modified  vertebrae,  with  the  exception  of  that  belonging  to  the  first 
vertebra,  are  all  greatly  elongated,  but  less  in  girth,  and  more  compressed  than  the 
former. 

The  centrum  of  the  first  vertebra  (figs.  31  and  32,  v.')  is  exceptionally  well 
developed,  being  nearly  as  large  as  any  of  the  free  centra,  from  which,  however,  it 
differs  in  the  greater  depth  of  its  posterior  concavity  as  compared  with  the  shallow 
anterior  concavity.  It  has  no  trace  of  transverse  or  of  accessory  articular  processes. 
The  complex  centrum  (c.c.)  is  greatly  elongated  and  compressed  laterally.  Its 
anterior  concavity  is  funnel-shaped,  and  the  posterior  almost  tubular  through  its 
unusual  depth.  In  the  dry  skeleton  a cleft  extends  from  the  floor  of  the  neural  canal 
to  about  the  centre  of  the  anterior  third  of  the  complex  centrum,  and  partially 
separates  the  anterior  from  the  posterior  tubular  concavity  (fig.  31);  superiorly  the 
cleft  is  continuous  with  a large  foramen  in  the  adjacent  neural  arch,  through  which 
the  dorsal  and  ventral  roots  of  the  fourth  spinal  nerve  emerge  from  the  neural  canal 
{sp.n.'^).  We  can  hardly  doubt  that  this  cleft  results  from  the  imperfect  coalescence 
of  the  bodies  of  the  third  and  fourth  vertebrae,  and  serves  to  indicate  the  line  of  union 
of  the  anterior  concavity  of  the  latter  with  the  posterior  concavity  of  the  former. 
Neither  the  basioccipital  nor  the  complex  centrum  develop  accessory  articular  pro- 
cesses, but  remain  widely  separated  by  the  well-developed  body  of  the  first  vertebra. 
The  centrum  of  the  fifth  vertebra  is  a trifle  longer  than  the  complex  centrum,  but, 
like  the  latter,  is  much  compressed ; the  condition  of  its  anterior  and  posterior 
surfaces  is,  however,  reversed,  the  anterior  being  deep  and  tubular,  and  the  latter 
funnel -.shaped  and  relatively  shallow  (fig.  31,  v.^).  The  centrum  of  the  sixth  vertebra 
is  much  shorter,  although  longer  than  the  normal  centra  ; anteriorly  it  is  somewhat 
contracted,  but  widening  behind  it  equals  in  the  size  the  body  of  the  seventh 
vertebra  with  which  it  articulates,  like  its  predecessor  it  has  the  anterior  cavity  deeper 
than  the  posterior  (r.®).  The  seventh  vertebra  (/.’.")  is  normal  and  free.  Although 
closely  and  firmly  articulated  together,  no  anchylosis  takes  place  between  the  neural 
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arches  of  any  of  the  modified  anterior  vertebrm  (fig.  31).  The  spinous  processes  of 
the  third  and  fourth  vertebrae  are  distinct  and  divergent,  the  former  being  directed 
obliquely  forwards  to  its  connection  with  the  exoccipitals  and  supraoccipital,  while 
the  latter  which  is  much  the  longer  inclines  obliquely  backwards  (fig.  31,  n.s.^). 

The  spine  of  the  fifth  vertebra  is  much  shorter  and  inclines  forwards  and  may  abut 
against  the  posterior  margin  of  the  preceding  spine  (?i.s.®).  The  remaining  spines 
are  bifid  and  normal. 

The  transverse  processes  of  the  fourth,  fifth,  and  sixth  vertebrae  are  all  more  or  less 
fiattened  and  expanded,  suturally  articulating  with  one  another  by  slightly  serrated 
margins ; their  distal  extremities  are  free,  being  separated  by  wide  clefts.  By  the 
expansion  and  sutural  union  of  these  processes  an  unusually  extensive  wing-like 
lamina  of  bone  is  formed  on  each  side  of  the  anterior  vertebrae,  which  is  somewhat 
concave  from  before  backwards  and  also  from  side  to  side,  in  conformity  with  the 
convex  dorsal  w^all  of  the  anterior  chamber  of  the  air-bladder  (fig.  32).  The  transverse 
process  of  the  fourth  vertebra  is  the  largest  of  the  three,  and  distally  is  cleft  into  the 
usual  anterior  and  posterior  divisions  {t.p.hi.,  The  anterior  division 

is  much  thickened  and,  in  addition,  is  slightl}^’  decurved  at  its  free  extremity  so  as  to 
form  a partial  support  to  the  lateral  portions  of  the  anterior  wall  of  the  bladder ; 
anteriorly,  the  distal  end  of  the  process  articulates  by  means  of  a roughened  facet 
wdth  the  outer  extremity  of  the  inferior  limb  of  the  post-temporal,  and  also  with  the 
cleft  stem  of  that  bone,  thus  forming  an  incomplete  posterior  boundary  to  the  socket 
for  the  head  of  the  clavicle  (fig.  34,  t.p.'^a.).  The  posterior  division  is  a broad  thin 
horizontally  disposed  lamina.  The  transverse  process  of  the  fifth  vertebra  (fig.  32,  t.p}) 
is  nearly  as  large  as  the  preceding  process,  the  posterior  division  of  which  it  very 
closely  resembles.  The  transverse  process  of  the  sixth  vertebra  though  more 

expanded  than  any  which  succeed  it,  is  by  far  the  smallest  of  the  modified  processes 
and  carries  the  first  rib  (r.'). 

A thick  layer  of  superficial  ossified  deposit  appears  to  invest  the  lateral  and  ventral 
surfaces  of  the  anterior  vertebral  centi'a  from  the  first  to  the  sixth,  inclusive,  and  also 
to  extend  laterally  on  to  the  adjacent  ventral  surfaces  of  the  roots  of  all  the  modified 
transverse  processes,  thus  converting  the  lateral  grooves  for  the  posterior  cardinal 
veins  into  canals  of  exceptional  length  (fig.  32,  cd.c.).  Apparently  as  the  result  of 
the  ventral  growth  of  the  ossifications  round  the  dorsal  aorta,  the  artery  in  this  part 
of  its  course  is  completely  enclosed  within  a bony  canal  (figs.  31  and  32,  ax.)  which 
appears  to  burrow  its  way  through  the  different  centra,  and  opens  anteriorly  on  the 
body  of  the  first  vertebra  and  posteriorly  on  the  centrum  of  the  sixth.  The  sutural 
lines  between  the  modified  transverse  processes  may  be  traced  inwards  on  the  super- 
ficial ossifications  investing  the  different  vertebral  centra  in  the  form  of  irregular 
wavy  lines,  wdiich  roughly  indicate  the  position  of  the  intervertebral  sutures  but 
without  precisely  coinciding  therewith  (fig.  32).  The  dorsal  laminae  are  represented 
on  each  side  by  a thin  narrow  process  of  bone  (fig.  32,  d.l.)  which  extends  from  the 
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lateral  surface  of  the  anterior  third  of  the  complex  centrum  obliquely  outwards  and 
upwards  to  blend  with  the  ventral  surface  of  the  root  of  the  first  of  the  modified 
transverse  processes.  Each  lamina  is  situated  ventrad  to  the  corresponding  posterior 
cardinal  vein  and  indeed  forms  the  inferior  lip  of  the  anterior  opening  of  the  bony 
canal  through  which  the  vein  passes.  At  the  ventral  and  anterior  extremity  of  each 
dorsal  lamina,  and  but  partially  confluent  therewith,  there  is  a large  crescent-shaped 
radial  nodule  (r.n.).  The  lateral  surface  of  the  body  of  the  fifth  vertebra  is  traversed 
by  a stout  ridge  which,  commencing  near  the  anterior  end  of  the  centrum,  extends 
obliquely  backwards  and  upwards,  and  eventually  bends  directly  outwards  on  to  the 
ventral  surface  of  the  transverse  process  (fig.  32).  This  ridge  receives  the  dorsal 
insertion  of  the  primary  transverse  septum  of  the  air-bladder. 

In  the  skull  of  Platystoma  the  neural  plates  of  the  exoccipitals  are  undeveloped, 
the  lateral  boundaries  of  the  transversely  oval  foramen  magnum  being  formed  by  the 
concave  inner  margins  of  the  posterior  plates.  A stout  process  of  bone  projects 
directly  backwards  from  each  posterior  plate,  and  from  this  process  one  of  the  two 
great  compressor  muscles  of  the  air-bladder  takes  its  origin.  The  posterior  wall  of 
the  atria  sinus  imparis  is  strengthened  in  the  median  line  by  a small  vertical  column 
of  bone  wdiich  extends  upwards  from  the  dorsal  edge  of  the  posterior  face  of  the  basi- 
occipital  and  nearly  meets  the  hinder  margin  of  the  roof  of  the  cavum  sinus  imparls. 

The  air-bladder  is  well  developed  and  extends  backwards  as  far  as  the  origin  of  the 
eighth  pair  of  ribs  (fig.  33,  a.h.).  In  shape  it  is  somewhat  ovoid,  being  but  slightly 
broader  in  front  than  behind.  The  lateral  portions  of  its  anterior  wall  are  partially 
supported  by  the  anterior  divisions  of  the  first  pair  of  transverse  processes  (fig.  34, 
tp},  a.)  ; posteriorly  to  this  the  outer  walls  are  at  first  in  contact  for  a limited  extent 
with  the  lateral  cutaneous  areas,  but  subsequently  separate  from  the  skin  and  the 
lateral  musculature  of  the  body  wall  as  they  contract  to  enclose  the  relatively 
narrower  posterior  section  of  the  bladder.  A remarkably  strong  muscle  has  its 
insertion  into  nearly  the  whole  extent  of  each  half  of  the  ventral  wall  of  the  anterior 
thu’d  of  the  bladder,  and  its  fibres,  gradually  converging  as  they  are  traced  forwards, 
curve  round  the  anterior  wall  and  pass  dorsally  between  the  inferior  limb  of  the  post- 
temporal and  the  transverse  process  of  the  fourth  vertebra  to  their  origin  on  the 
posterior  plate  of  the  exoccipital  a little  to  the  outer  side  of  the  foramen  magnum 
(fig.  33,  cp.,  m.).  As  the  contraction  of  these  muscles  must  necessarily  lead  to  the 
forcible  compression  of  the  anterior  chamber  of  the  bladder,  and  possibly  to  the  expul- 
sion of  its  gaseous  contents,  we  shall  in  futm'e  refer  to  them  as  the  “ compressor 
muscles.”  A much  smaller  and  hitherto  undescribed  muscle  {t.t.)  occupies  the  recess 
on  each  side  of  the  centrum  of  the  first  vertebra,  between  the  latter  and  the  corre- 
sponding compressor  muscle.  This  muscle  also  arises  from  the  posterior  plate  of  the 
exoccipital,  but  its  fibres  pass  directly  backwards,  and  are  prolonged  into  a long  and 
slender  tendon,  which  is  ultimately  inserted  into  the  anterior  wall  of  the  bladder  in 
close  proximity  to  the  attachments  of  the  latter  to  each  radial  nodule  (figs.  33,  34,  t.t.). 
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Internally  the  bladder  is  divided  into  spacious  anterior  and  lateral  chambers  by 
strong  primary  transverse  and  longitudinal  septa  (fig.  34,  ts.,  Is.),  while  each  lateral 
compartment  is  also  sub-divided  into  a series  of  transversely  arranged  inter-com- 
municating cavities  by  six  incomplete  secondary  transverse  septa  (fig.  34,  ts.'). 
Strong  root-like  bundles  of  fibres  radiate  from  the  dorsal  edges  of  the  secondary  septa 
into  the  dorsal  Avail  of  the  bladder,  and  still  further  contribute  to  the  peculiar 
camerated  structure  of  that  organ.  The  lateral  portions  of  the  primary  transverse 
septum  remain  nearly  vertical,  but  its  mesial  part  is  inclined  obliquely  forwards  before 
it  finally  becomes  continuous  with  the  ventral  wall ; hence  the  ventral  edge  of  the 
septum  is  somewhat  V-shaped,  with  the  apex  directed  forwards,  while  the  lateral 
compartments  and  the  longitudinal  septum  which  separates  them  are  prolonged 
forwards  for  some  distance  ventrad  to  the  inclined  septum  and  to  the  anterior 
chamber."^  The  dorsal  edge  of  the  transverse  septum  is  firmly  inserted  into  the 
oblique  ridges  on  the  lateral  surfaces  of  the  centrum  of  the  fifth  vertebra,  and  also 
into  their  prolongations  on  to  the  ventral  surfaces  of  the  contiguous  transverse 
processes  (fig.  32). 

The  tunica  externa  of  the  anterior  wall  of  the  bladder  is  divisible  into  two  strata, 
of  wdiich  the  outer  and  thicker  is  attached  in  the  median  line  by  its  dorsal  edge  to 
the  ventral  and  lateral  surfaces  of  the  anterior  portion  of  the  complex  centrum,  and. 
also  to  the  radial  nodules  and  dorsal  laminae,  but  externally  to  this  on  each  side  the 
outer  stratum,  instead  of  extending  into  the  dorsal  wall  and  becoming  connected 
with  the  corresponding  tripus,  separates  from  the  inner  and  is  inserted  by  its  dorsal 
margin  into  the  anterior  edge  and  distal  extremity  of  the  transverse  process  of  the 
fourth  vertebra.  In  the  lateral  walls  of  the  anterior  chamber  the  fibres  composing 
this  stratum  pursue  the  usual  curvilinear  course  as  they  are  traced  into  the  dorsal 
wall,  where  they  converge  in  the  form  of  triangular  sheets  to  their  insertion  into  the 
convex  outer  margins  of  the  crescentic  processes  of  the  tripodes  (fig.  34,  tr.c.,  o.st.). 
The  sheets  are  somewhat  narrower  than  usual,  and  have  a slightly  concave  inner 
margin,  while  the  thin  medio-dorsal  area  of  the  tunica  externa,  which  invests  and  is 
attached  to  the  ventral  and  lateral  surfaces  of  the  complex  and  fifth  vertebral  centra, 
is  relatively  much  Avider  than  in  most  other  Siluroids ; hence  the  surfaces  of  these 
centra  and  the  roots  of  their  transverse  processes  are  readily  seen  through  the  thin 
area  Avhen  the  tunica  interna  has  been  removed.  The  inner  and  much  thinner  of  the 
tAvo  strata  of  the  tunica  externa  of  the  anterior  AA-all  divides  in  the  median  line 
beneath  the  complex  centrum,  and  on  each  side  the  more  mesially  situated  fibres  are 
inserted  dorsally  into  the  inner  margin  and  v’entral  surface  of  the  root  of  the 
crescentic  process  of  the  tripus  ; laterally  to  this  point  the  fibres  of  the  inner  stratum, 
Avhich  are  vertically  disposed,  describe  an  iiiAA^ard  curvature  towards  the  tripus  as 
they  extend  into  the  dorsal  wall,  and  eventually  become  inserted  into  the  coiiAmxity 
of  its  crescentic  process  (fig.  34,  in.st.).  From  the  antero-lateral  and  lateral  A\nlls  of 
* In  fig.  .34  the  right  half  of  the  transverse  septum  has  been  partially  removed. 


ON  THE  ANATOM T OF  FISHES. 


117 


the  anterior  chamber  the  fibres  of  the  same  stratum  may  be  traced  into  the  dorsal 
wall,  where  they  form  a thin  layer  on  the  inner  surface  of  the  curvilinear  fibres  of  the 
outer  stratum  but,  instead  of  extending  inwards  to  their  usual  insertion  into  the 
tripodes,  thin  away  near  the  inner  edges  of  the  triangular  sheets.  The  insertion  of 
the  tendon  of  each  of  the  small  extrinsic  muscles  of  the  bladder  into  the  anterior  wall 
of  the  anterior  chamber  exactly  coincides  with  the  position  of  those  fibres  of  the  inner 
stratum  of  the  tunica  externa,  which  are  dorsally  inserted  into  the  inner  margin 
of  the  root  of  the  crescentic  process  of  the  tripus,  and  is  in  close  contiguity  with  the 
similar  insertion  of  the  radial  fibres  of  that  ossicle.  As  the  contraction  of  these 
muscles  would  probably  have  the  effect  of  tightening  such  fibres,  and,  therefore, 
restrict  the  lateral  movements  of  the  tripodes,  we  venture  to  suggest  for  each  the  name 
of  “ tensor  tripodis.”  The  radial  fibres  of  the  tripus  are  strongly  developed,  but 
otherwise  are  normal. 

Apart  from  the  outer  stratum  of  the  anterior  wall  of  the  bladder,  which  is  dorsally 
attached  to  the  complex  centrum,  to  the  radial  nodules  and  to  the  dorsal  laminae,  as 
well  as  to  the  transverse  processes  of  the  fourth  vertebra,  we  could  detect  no  equivalent 
to  the  transverse  membrane  of  other  Siluroids.  It  is  possible,  however,  that  the  outer 
stratum  includes,  not  only  a portion  of  the  tunica  externa  of  the  anterior  wall,  but 
the  transverse  membrane  as  wmll ; at  all  events,  such  an  explanation  is  suggested 
by  the  fact  that  the  outer  stratum  has  the  characteristic  attachment  of  the  transverse 
membrane  to  the  dorsal  laminrn,  which  is,  apparently,  never  the  case  with  any 
portion  of  the  proper  tunica  externa  in  other  Siluroids.  All  the  normal  Pirnelodinae 
that  we  have  examined  resemble  Platystoma  in  this  respect. 

A small  csecal  appendage  is  closely  attached  to  each  of  the  lateral  walls  of  the 
anterior  chamber,  and  is  partially  overlapped  by  the  great  compressor  muscle  of  its 
side  (figs.  33  and  34,  al.c.).  The  cavity  of  this  curious  appendage  communicates  with 
that  of  the  anterior  chamber  by  means  of  a number  of  slit-like  apertures  in  the  outer 
wall  of  the  latter  (fig.  34).  Anteriorly,  each  caecum  separates  from  the  wall  of  the 
bladder,  and  expands  into  a pear-shaped  enlargement,  which  is  in  contact  with  the 
inner  surface  of  the  dorsal  extremity  of  the  clavicle.  The  cavity  of  the  appendage  is 
broken  up  into  a series  of  intercommunicating  spaces  by  a network  of  fibrous  bundles, 
and  the  tunica  interna  is  prolonged  outwards  from  the  anterior  chamber  through  the 
slit-like  orifices  in  its  outer  wall,  so  as  to  line  the  interior  of  the  coecum  and  the 
spaces  enclosed  by  the  fibrous  network. 

The  claustra  are  well  developed  and  lie  one  on  each  side  of  the  foramen  magnum ; 
each  ossicle  is  strongly  curved  in  conformity  with  the  shape  of  the  aperture  which 
it  partially  encircles.  The  scaphiura  has  the  usual  shape,  but  its  spatulate  process 
is  relatively  small  and  greatly  thickened  ; the  ascending  process  is  short  and  very 
slender.  The  intercalarium  is  represented  by  a thick  nodule  in  the  inter-ossicular 
liffament.  The  tripus  also  is  normal  in  shape ; its  anterior  process,  however,  is 
slightly  longer  than  the  crescentic  process.  The  latter  portion  of  the  ossicle  has  a 
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well-marked  oblique  ridge  on  the  ventral  surface  of  its  root,  and,  in  the  larger  of  our 
two  specimens  was  greatly  thickened  in  addition  to  having  its  posterior  margin 
traversed  by  a deep  groove  for  the  insertion  of  the  fibres  of  the  dorsal  wall  of  the 
anterior  chamber. 

Excluding  Auclienoglanis,  Platystoma  is  a fairly  representative  type  of  the  more 
normal  Pimelodinte,  and  for  this  reason  a detailed  account  of  the  structure  and 
relations  of  its  air-bladder  has  been  given.  From  this  point  of  view  the  more  note- 
worthy features  in  Platystoma  are  : — 

(a.)  The  laxity  of  the  articulation  of  the  anterior  vertebrae  with  the  skull  through 
the  absence  of  accessory  articular  or  subvertebral  processes. 

(6.)  The  presence  of  two  pairs  of  extrinsic  compressor  and  tensor  tripodis  muscles 
in  connection  with  the  air-bladder. 

(c.)  The  absence  of  any  definitely  recognisable  transverse  membrane  distinct  from 
the  skeletally  attached  outer  strata  of  the  lateral  portions  of  the  anterior  wall  of  the 
l)ladder. 

(d.)  The  tendency  of  the  air-bladder  to  develope  antero-lateral  caecal  appendages. 

In  the  extensive  development  of  the  superficial  ossifications,  and  in  the  extent  and 
character  of  the  skeletal  attachments  of  the  anterior  wall,  as  well  as  in  some  other 
minor  features,  Platy'itoma  closely  resembles  the  Arioid  type,  to  which  reference  will 
subsequently  be  made. 


Platystoma  fasciatmn  and  P.  coruscans. 

Johannes  Muller  (28,*  Plate  4,  figs.  8,  9)  has  noted  the  presence  of  antero- 
lateral caecal  appendages  in  P.  fasciatum  similar  to  those  of  P.  tigrinum,  but  in 
P.  coruscams,  if  we  rightly  interpret  his  brief  description  of  this  Siluroid,  such 
appendages  are  entirely  wanting.  The  anterior  vertebrae  of  P.  fasciatum  have  been 
figured  and  described  by  Sorensen  (37,  Plate  2,  figs.  13,  14)  from  whose  account 
it  would  seem  that  they  do  not  in  any  important  respect  differ  from  those  of 
P.  tigrinum. 

Sorubim  lima. 

Under  the  name  of  Platystoma  lima,  Johannes  Muller  {loc.  cit.)  briefly  refers  to 
this  Siluroid  as  not  possessing  the  caecal  appendages  so  characteristic  of  the  anterior 
chamber  of  the  air-bladder  in  P.  tigrinum  and  P.  fasciatum. 

Piramutana  piramuta. 

The  anterior  vertebrae  and  their  modified  transverse  processes  in  this  species  are 
very  similar  to  the  corresponding  structures  in  Platystoma.  As  in  the  latter  genus 

* See  section  entitled  “ Zellige  Schwimmblasen  bei  einigen  Siluroiden.” 
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the  transverse  processes  of  the  fourth  and  fifth  vertebrae  on  each  side  combine  to 
form  an  extensive  wing-like  outgrowth  with  a decurved  anterior  margin  wliich  closely 
envelopes  the  dorsal  wall  of  the  anterior  compartment  of  the  air-bladder,  and  at  the 
same  time  buttresses  the  anterior  wall  (fig.  35,  t.pM.  and 

The  air-bladder  itself  is  more  distinctly  cordate  than  in  Platystoma,  and  its  walls 
are  extremely  thin  (a.b.).  The  ventral  wall  of  the  anterior  chamber  is  almost  com- 
pletely invested  by  powerful  compressor  muscles.  A tensor  tripodis  is  also  present 
on  each  side,  and  has  the  same  origin  and  insertion  as  in  Platystoma.  No  antero- 
lateral or  other  csecal  appendages  are  present.  Two  rudimentary  secondary  transverse 
septa  only  are  present  in  each  lateral  compartment  {t.s.').  In  the  general  structure 
of  the  walls  of  the  anterior  chamber,  and  in  their  relations  and  attachments  to  the 
transverse  processes  of  the  fourth  vertebra  and  to  the  tripodes  Piramutana  differs 
in  no  essential  respect  from  Platystoma.  The  lateral  walls  of  the  anterior  chamber 
are  in  close  and  extensive  contact  with  the  lateral  cutaneous  areas. 

Piramutana  Blochii. 

Under  the  name  of  Pseudariodes  clarias  (Bleek.)  S5kensen  (36)  figures  and 
describes  the  air-bladder  of  this  species.  His  figure  {l.c.,  Plate  3,  fig.  45)  shows  the 
left  compressor  muscle  and  on  the  right  side  the  cavity  of  the  bladder  and  its 
internal  septa. 

Piratinga  Jilamentosa. 

Johannes  Muller  (28)  has  figured  and  described  the  air-bladder  of  this  Siluroid 
under  the  name  of  Pimelodus  Jilamentosa  (Lichtenst.).  The  organ  is  said  to  consist 
of  two  entirely  distinct  flat  sacs  lying  one  behind  the  other  and  both  cellular  through- 
out. The  ductus  pneumaticus  is  connected  with  the  anterior  sac.  The  posterior  sac 
is  said  not  to  contain  the  usual  central  cavity,  the  whole  of  the  interior  being  occupied 
by  small  air-cells.  Later  on  (p.  141)  in  alluding  to  the  same  species,  Muller  says, 
“ in  which  there  is  a second  cellular  air-bladder,  without  any  union  with  the  first, 
without  connecting  duct,  and  without  communication  with  a respirable  medium.” 


Pimelodus  maculatus. 

In  this  species  the  air-bladder  differs  but  little  from  that  of  Piramutana,  and  the 
same  may  be  said  of  the  skeletal  modifications. 

The  air-bladder  has  rather  thick  walls,  and,  in  addition  to  the  primary  transverse 
and  longitudinal  septa,  there  is  a rudiment  of  a single  secondary  transverse  septum  in 
each  lateral  compartment.  The  lateral  portions  of  the  primary  transverse  septum 
are  nearly  vertical,  and  have  their  dorsal  margins  attached  to  the  ventral  surfaces  of 
the  transverse  processes  of  the  sixth  vertebra,  but,  as  they  approach  the  median  line, 
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they  become  iu dined  obliquely  forwards  towards  the  ventral  surface  of  the  bladder, 
while  their  dorsal  margins  curve  forwards  parallel  to  each  other  along  the  sides,  and 
eventually  along  the  ventral  surface  of  the  fifth  vertebral  centrum,  to ’which  they 
become  firmly  attached.  Near  the  anterior  end  of  the  centrum  the  lateral  halves  of 
the  septum  unite  at  an  acute  angle  in  the  median  line,  and  form  a forwardly  inclined 
keel  projecting  into  the  cavity  of  the  anterior  chamber,  and  partially  subdividing  it 
into  two  lateral  divisions.  The  anterior  portion  of  the  longitudinal  septum  makes  a 
slight  deviation  from  the  median  line,  and  unites  with  the  posterior  face  of  the  left 
half  of  the  primary  transverse  septum  ; hence  it  is  that  the  right  lateral  compartment 
extends  forwards  between  the  opposed  faces  of  the  converging  lateral  halves  of  the 
transverse  septum  until  the  latter  finally  unite  in  the  median  line  anteriorly,  'fhese 
features  are  more  or  less  characteristic  of  other  species  of  Fimelodus  with  normal 
air-bladders  [vide  P.  ornatus,  fig.  36)  and  of  Piramutana,  but  they  are  particularly 
well  marked  in  P.  macidatus. 

The  divergence  of  the  dorso-lateral  and  ventro-lateral  muscles  of  the  trunk  is  so 
slight  that  scarcely  any  portion  of  the  lateral  walls  of  the  anterior  chamber  is  in 
contact  with  the  external  skin,  and  the  two  structures  are  further  separated  by  a 
considerable  amount  of  fatty  tissue. 

In  an  immature  specimen  of  this  species  about  4 inches  in  length,  the  air-bladder 
had  extremely  thin  walls,  and  its  anterior  chamber  was  in  close  and  extensive 
relations  with  lateral  cutaneous  areas,  which  externally  presented  the  appearance  of 
superficial  blisters  of  the  skin.  The  longitudinal  septum  was  attached  in  front  to  the 
right  half  of  the  primary  transverse  septum  instead  of  the  left,  and  hence  the  riglit 
lateral  compartment  was  prolonged  forwards  on  the  dorsal  or  posterior  face  of  the 
inclined  septum,  between  its  converging  lateral  halves. 

A compressor  and  a tensor  tripodis  muscle  were  present  in  i-elation  Avith  each  half 
of  the  anterior  chamber. 

Pimelodus  ornatus. 

In  this  species  also  the  air-bladder  and  anterior  vertebrae  are  essentially  similar  to 
those  of  Piramutana. 

The  anterior  wall  of  the  bladder  (fig.  36)  is  somewhat  eniarginate  in  the  median 
line,  and  consequently  the  anterior  chamber  presents  the  appearance  of  two  sub- 
globose  sacs  continuous  with  each  other  aci’oss  the  median  line,  and  with  the  two 
lateral  compartments  posteriorly.  Relatively  to  its  length  and  width,  the  bladder, 
and  especially  its  anterior  chamber,  are  somewhat  deeper  than  in  Piramutana.  Its 
Avails  are  extremely  thin.  Two  pairs  of  secondary  transverse  septa  {t.s.')  are  present, 
as  also  are  compressor  and  tensor  tripodis  muscles. 
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Pimelodus  pidcher,  Boul. 

Our  exaiiiples  of  this  species  formed  part  of  the  collection  of  Fishes  made  by  the 
late  Mr.  Clarence  Buckley,  at  Canelos,  in  Western  Ecuador,  and  subsequently 
described  by  Mr.  G.  A.  Boulenger  in  the  ‘ Proc.  Zool.  Soc.  of  London,’  for  1887, 
p.  274.  As  both  the  air-bladder  and  certain  portions  of  the  skeleton  exhibit  some 
interesting  deviations  from  the  normal  type,  a more  detailed  notice  of  this  species  will 
be  given. 

The  first,  the  complex,  and  the  fifth  vertebrm  are  more  or  less  rigidly  connected 
together  by  the  usual  means,  the  sixth  being  the  first  that  is  freely  moveable  (fig.  3‘J, 
V.',  C.C.,  v},  and  r.®).  The  body  of  the  first  vertebra  is  very  small.  The  complex 
centrum  is  nearly  twice  the  length  of  the  fifth  centrum,  and  this  again  is  somewhat 
larger  than  any  that  follow.  The  ventro-lateral  edges  of  the  complex  and  fifth  centra 
are  thickened  by  a continuous  deposit  of  superficial  bone,  which,  however,  does  not 
extend  ventrally  or  laterally  so  as  to  convert  the  grooves  for  the  dorsal  aorta  {a.g.) 
and  posteiior  cardinal  veins  into  complete  bony  canals.  The  cardinal  grooves  are 
rather  deep  and,  as  usual,  that  on  thr  right  side  is  more  conspicuous  than  the  left  one. 
Badial  nodules  are  attached  to  the  lateral  surfaces  of  the  complex  centrum,  and  from 
each  nodule  a slender  dorsal  lamina  {dd.)  is  continued  obliquely  backwards  and 
upwards,  ventrad  to  the  corresponding  cardinal  groove,  along  the  posterior  margin  of 
the  transverse  process  of  the  fourth  vertebra,  with  which  the  lamina  eventually 
fuses. 

The  expanded  transverse  processes  of  the  fourth  vertebra  {tpd)  have  broad  fiat 
roots,  but  are  strongly  decurved  along  their  anterior  margins  and  produced  distally 
into  slender  recurved  processes,  which  form  the  inner  walls  of  the  sockets  for  the 
clavicles ; to  the  decurved  anterior  margin  of  each  process  the  inferior  limb  of  the 
post-temporal  {pt.i.)  is  closely  applied.  The  jDosterior  portion  of  tlie  process  is  nearly 
flat,  but  terminates  distally  in  a pointed  projection.  The  ventral  surface  of  each 
transverse  proce.ss  will  therefore  form  a shallow,  transversely-disposed  recess,  which  is 
slightly  concave  from  before  backwards,  except  for  a short  distance  at  its  root.  TTie 
transverse  process  of  the  fifth  vertebra  (tpd)  is  quite  free,  and  much  longer  than  the 
normal  rib-bearing  processes. 

The  air-bladder  is  partially  constricted  into  two  ovoid,  laterally-situated  sacs  (figs. 
39  and  40,  a.s.),  which  occupy  the  concave  recesses  furnished  by  the  modified  trans- 
verse processes  of  the  fourth  vertebra  {t.pda.),  and  are  in  free  communication  witli 
each  other  through  a narrow  tubular  portion  passing  from  one  to  the  other  across  the 
ventral  surface  of  the  complex  centrum.'"  This  intermediate  tubular  portion  is 
connected  by  a persistent  ductus  pneumaticus  with  the  oesophagus.  There  is  no 
trace  of  lateral  compartments.  As  regards  its  rigid  skeletal  attachments  and  the 

* Jn  a specimen  three  inches  long  the  autcro-posteriur  extent  of  each  sac  was  3 o min.,  and  the  trau.s- 
verse  4 mm. 
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relations  of  its  component  fibres  to  the  tripus,  each  air-sac  is  strictly  comparable  to 
the  lateral  half  of  an  anterior  chamber  in  a normal  bladder.  The  posterior  wall 
of  the  intermediate  tubular  portion  and  the  adjacent  inner  portion  of  the  posterior 
wall  of  each  sac  are  continuously  thickened  by  the  development  of  a thick  mass  of 
vertically  disposed  fibres  (fig.  40,  jp.jp.).  On  the  ventral  surface  of  the  hinder  part 
of  the  complex  centrum  these  fibres  separate  into  two  bundles  which  pass  dorsally 
one  on  each  side  of  the  centrum,  and  ultimately  after  curving  slightly  forwards 
become  firmly  inserted  by  their  dorsal  edges  into  the  lateral  surfaces  of  the  complex 
centrum,  and  into  the  posterior  margins  of  the  dorsal  laminae  (fig.  39,  d.l.).  It  is 
evident  that  these  skeletally  attached  fibres  almost  precisely  resemble  the  posterior 
pillars  of  a normal  anterior  chamber.  In  addition,  tbe  anterior  wall  of  each  air-sac  is 
attached  to  the  anterior  margin  of  the  modified  transverse  process  by  a superficial 
stratum  of  fibres  which  separates  from  the  rest  of  the  wall  and  is  inserted  into  the 
process  in  question.  More  internally  the  same  stratum  is  attached  to  the  lateral 
surface  of  the  complex  centrum  and  to  the  corresponding  dorsal  lamina.  The  cres- 
centic process  of  each  tripus  (fig.  40,  tr.c.)  is  imbedded  in  the  dorsal  wall  of  the 
contiguous  air-sac,  near  the  antero-internal  angle  of  the  latter.  The  relations  of  the 
process  to  the  principal  sheets  of  fibres  in  the  dorsal  wall  appear  to  be  perfectly 
normal.  Thus,  the  fibres  constituting  the  inner  stratum  of  the  mesial  part  of  the 
anterior  wall  have  the  usual  insertion  into  the  radial  nodule  and  ventral  surface  of  the 
tripus,  but  from  this  point  outwards  the  fibres  forming  the  inner  stratum,  as  well  as 
those  of  both  the  inner  and  outer  strata  of  the  lateral  wall,  and  the  outer  portion 
of  the  posterior  wall  of  each  sac,  extend  into  the  dorsal  wall  and  finally  converge  to 
their  insertion  into  the  convexity  of  the  crescentic  process  (fig.  40).  It  will  be 
obvious,  therefore,  that  but  for  the  insertion  of  the  fibres  of  the  inner  stratum  of  the 
tunica  externa  of  the  lateral  and  dorsal  walls  of  each  air-sac  directly  into  the  tripus 
the  skeletal  attachments  of  the  anterior  and  lateral  walls  are  almost  precisely  the 
same  as  in  the  anterior  chamber  of  Platystoraa  and  other  Pimelodinm  with  normal 
bladders. 

The  most  interesting  feature  in  connection  with  the  air-bladder  of  this  species 
is,  that  while  its  small  size  and  partial  constriction  into  two  lateral  air-sacs  would 
suggest  that  it  represents  an  incipient  stage  in  the  kind  of  retrogressive  modification 
of  which  Bagarius  and  Glyptosternum  are  extreme  examples,  it  nevertheless  retains 
its  normal  attachments  both  to  rigid  portions  of  the  skeleton  and  to  the  tripodes,  as 
well  as  the  structural  integrity  of  its  walls,  and  the  usual  connection  with  the 
alimentary  canal. 

The  ventral  surfaces  of  the  two  air-sacs  are  invested  by  an  unusually  large 
mesonephros,  which  also  extends  laterally  and,  in  conjunction  with  the  peritoneal 
hepatic  pouches  and  their  contents,  separates  each  sac  from  the  adjacent  lateral 
cutaneous  area.  The  mesonephros  of  the  right  side  only  accompanies  the  correspond- 
ing posterior  cardinal  vein  to  join  its  anterior  lymphoid  portion.  The  latter  part  of 
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the  gland  occupies  on  each  side  a recess  between  the  inferior  limb  of  the  post-temporal 
and  the  transverse  process  of  the  fourth  vertebra,  and  is  in  contact  dorsally  with  the 
floor  of  the  saccus  paravertebralis  and  continuous  with  its  fellow  by  a slender  con- 
necting lobe  which  crosses  the  ventral  surface  of  the  body  of  the  first  vertebra. 

A fairly  stout  ligament  stretches  transversely  between  the  recurved  distal  extremi- 
ties of  the  modified  transverse  processes,  in  contact  with  the  proper  anterior  walls 
of  the  two  air-sacs,  but  is  firmly  attached  in  the  median  line  to  the  body  of  the  first 
vertebra. 

Neither  compressor  nor  tensor  tripodis  muscles  are  present  in  this  species. 

The  Weberian  ossicles  differ  but  little  from  those  of  the  more  normal  species  of 
Pimelodinee.  The  crescentic  process  of  the  tripus  (fig.  41,  trx.),  however,  has  but  a 
slight  inward  curvature.  Claustra  are  present. 


Pimelodiis  sapo. 

Both  in  the  structure  of  its  air-bladder  and  in  the  modifications  of  the  anterior 
vertebrae  and  their  processes  this  species  presents  a singular  and  somewhat  unexpected 
contrast  to  the  more  normally  constituted  species  of  the  genus. 

The  complex,  the  fifth,  and  the  sixth  vertebrae  are  rigidly  connected  together  by 
the  growth  of  superficial  ossifications  and  the  partial  anchylosis  of  their  neural  arches 
and  spines.  The  centrum  of  the  first  vertebra  (fig.  37,  v^)  is  a comparatively  thin, 
biconcave  disc,  firmly  united  to  the  anterior  end  of  the  complex  centrum.  The 
complex  and  fifth  centra  are  about  equal  in  size,  and  each  is  but  a little  longer  than 
the  centrum  of  the  sixth  vertebra  (c.c.,  v^,  and  v®).  Superficial  bony  deposit  has  con- 
siderably thickened  the  lateral  surfaces  of  the  complex  and  fifth  centra,  and,  to  a 
slight  extent,  the  centrum  of  the  sixth  vertebra  also,  so  that  these  centra  appear 
much  wider  as  well  as  shorter  than  the  corresponding  elements  in  the  more  normal 
species  of  Fimeloclus.  By  the  ventral  and  lateral  extension  of  this  superficial  ossifi- 
cation, the  grooves  for  the  dorsal  aorta  and  posterior  cardinal  veins  become  converted 
into  bony  canals  {a.c.,  cd.c.).  Immediately  behind  the  anterior  opening  of  the  aortic 
canal,  the  ventral  and  lateral  surfaces  of  the  complex  centrum  are  encircled  by  an 
obliquely  disposed  crescentic  thickening,  in  the  form  of  a ridge,  which  constitutes  the 
anterior  boundary  of  a deep  but  narrow  groove,  opening  laterally  on  each  side  into  the 
recess  enclosed  by  the  modified  transverse  processes  of  the  fourth  vertebra,  and 
receiving  the  anterior  margins  of  the  mesial  and  inner  lateral  portions  of  the  air- 
bladder.  Small  radial  nodules  are  suturally  attached  to  the  lateral  surfaces  of  the 
complex  centrum,  and  each  nodule  is  in  fibrous  continuity  with  a slender  spicular 
dorsal  lamina  having  the  usual  relations  to  the  anterior  opening  of  the  cardinal  canal 
and  to  the  transverse  process  of  the  fourth  vertebra. 

Not  only  is  the  transverse  process  of  the  fourth  vertebra  {t.p^)  greatly  expanded, 
but  for  the  proximal  third  of  its  extent  the  anterior  margin  is  bent  downwards,  and 
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for  the  distal  two-thirds  not  only  downwards  but  also  backwards  towards  the 
posterior  margin.  The  posterior  edge  of  the  process  is  also  decurved,  but  to  a some- 
what less  extent  than  the  former.  By  these  modifications  each  process  forms  the 
outer  walls  of  a flask-shaped  recess  which  is  open  posteriorly  and  distally  in  the  dry 
skeleton,  but  closed  behind  by  a tough  fibrous  membrane,  and  at  the  distal  extremity 
by  the  lateral  cutaneous  area  of  its  side  in  the  fresh  specimen.  The  recess  is  slightly 
expanded  distally,  somewhat  contracted  towards  the  centre,  and  again  expanded  at 
the  root  of  the  process  into  a relatively  spacious  cavity  for  the  reception  of  the  inner 
lateral  cmcal  portion  of  the  air-bladder.  The  decurved  anterior  margin  of  the  process 
articulates  by  means  of  a facet  on  its  anterior  face  with  the  inferior  limb  of  the  post- 
temporal {2')t.i.),  while  the  distal  edge  of  its  recurved  portion  forms  part  of  the  inner 
wall  of  the  socket  for  the  clavicle  (cl.s.),  the  outer  wall  being  formed  by  the  greatly 
elongated  post-temporal  stem  (pf.s.).  The  recurved  portion  also  forms  the  lower  lip 
of  the  distal  opening  of  the  enclosed  recess.  The  transverse  process  of  the  fiftli 
vertebra  is  much  larger  than  any  of  the  normal  processes,  and  for  the  whole  extent 
of  its  anterior  margin  is  suturally  united  to  the  preceding  process  The  trans- 
verse process  of  the  next  vertebra  which  is  much  shorter  and  thicker,  is  widely 

separated  from  the  foregoing  and  carries  the  first  rib  {r.'). 

As  the  result  of  its  extremely  degenerate  condition  the  air-bladder  is  very  curiously 
modified.  It  consists  of  a median  portion  (a.h.)  which  is  flattened,  leaf-like,  and 
apparently  solid,  and  of  two  lateral  out-growths  on  each  side.  Of  these  out-growths 
the  outer  lateral  one  (o.I.)  is  also  thin  and  solid,  and,  after  curving  forwards  and 
inwards  like  a broad  crescent,  ultimately  contracts  rather  abruptly  into  a slender 
tubular  pm'tion  which  bends  upwards  and  inwards  and  ends  blindly  near  the  ventral 
wall  of  the  saccus  paravertebralis  in  the  substance  of  the  anterior  lymphoid  portion 
of  mesonephros. The  inner  lateral  out-growth  (in.l.),  on  the  contrary,  is  a hollow 
and  relatively  spacious  crecum,  with  fairly  thick  walls,  which,  after  leaving  the  median 
part  of  the  bladder,  curves  round  the  lateral  surface  of  the  complex  centrum  in  the 
oblique  groove  to  which  reference  has  already  been  made,  and  finally  enters  the  deep 
bony  recess  on  the  ventral  side  of  the  root  of  the  modified  transverse  process  where  it 
slightly  expands  and  becomes  connected  by  its  dorsal  and  inner  walls  with  the  tripus 
and  the  radial  nodule  respectively.  No  portion  of  the  air-bladder  extends  into  the 
distal  two-thirds  of  either  recess.  At  its  blind  anterior  extremity  the  walls  of  the  inner 
lateral  cmcum  are  much  thinner  than  elsewhere,  but  its  cavity  is  practically  distinct 
from  that  of  its  fellow  of  the  oj)posite  side.  With  the  exceptions  above  mentioned, 
the  whole  of  the  air-bladder  is  apparently  solid  althougli  denser  externally  than 
internally.  The  solidity  of  the  organ  is,  however,  really  due  to  the  almost  complete 
obliteration  of  its  original  cavity  by  the  development  of  a dense  internal  reticulum  of 
anastomosing  fibrous  bundles.  The  median  portion  of  the  bladder,  and  especially  the 

* It  is  possible  that  the  outer  lateral  cnpcum  is  a degenerate  remnant  of  the  antero-lateral  caaca  of 
other  Siluridae  (e.g.,  Platy stoma). 
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anterior  part  of  it,  is  closely  adherent  to  the  ventral  and  lateral  surfaces  of  the 
complex  centrum.  We  could  discover  no  trace  of  a ductus  pneumaticus  unless  a 
slender  solid  fibrous  cord  extending  from  the  flattened  median  part  of  the  bladder 
to  the  dorsal  wall  of  the  oesophagus  may  be  regarded  as  a vestige  of  it. 

The  mesonephros  accompanies  the  right  posterior  cardinal  vein  through  the  cardinal 
canal,  and  at  the  anterior  extremity  of  the  latter  expands  into  its  usual  lymphoid 
portion.  The  latter  part  of  the  gland  surrounds  the  anterior  extremity  of  the  inner 
lateral  caecum,  and  also  the  tubular  portion  of  the  outer  lateral  diverticulum,  and,  in 
addition,  extends  into  the  contracted  median  part  of  each  flask-shaped  recess. 

Except  for  its  relatively  small  size  the  tripus  is  fairly  normal  (fig.  38,  tr.).  Com- 
pared with  the  anterior  process  (tr.a.)  the  crescentic  section  of  the  ossicle  (tr.c.)  is 
rather  short,  with  a sharp  hooked  curvature.  The  articular  process  (tr.ar.)  tapers  to 
a point  at  its  distal  extremity.  The  crescentic  process  is  imbedded  in  the  dorsal  wall 
of  the  anterior  extremity  of  the  inner  lateral  caecum.  The  convergence  of  the  fibres 
of  the  inner  stratum  of  the  tunica  externa  to  their  insertion  into  the  convexity  of  the 
crescentic  process  is  very  obvious,  as  also  is  the  attachment  of  the  concavity  of  the 
same  process  to  the  radial  nodule  by  means  of  radial  fibres,  but  the  disposition  of 
tlie  usual  curvilinear  fibres  of  the  outer  stratum  is  not  so  easily  traceable,  although 
there  is  no  doubt  as  to  their  insertion  into  the  tripus.  The  intercalarium  is  a very 
small  bony  nodule  in  the  interossicular  ligament.  Except  that  it  has  no  ascending 
process  the  scaphium  is  normal.  The  claustra  are  slender  spicular  ossicles  in  the 
usual  position. 

It  need  scarcely  be  added  that  there  is  no  trace  of  compressor  or  tensor  tripodis 
muscles. 

The  cavum  sinus  imparis  and  the  atrial  cavities  are  normal,  but  we  could  not 
with  certainty  satisfy  ourselves  as  to  the  presence  or  absence  of  a sinus  endolym- 
phaticus. 

Callophysus  mac ropterus. 

Under  the  name  of  Pimelodus  macropterus,  Johannes  Muller  (28,  Plate  4,  fig.  7) 
figures  and  briefly  describes  the  air-bladder  of  this  species.  The  organ  is  said  to  be 
small,  heart-shaped,  and  flat,  and  to  be  surrounded  along  its  sides  and  at  the  hinder 
end  by  an  elegant  wreath  of  small  blindly  ending  diverticula.  Anteriorly,  where  in 
Platystoma  fasciatum  a single  pair  of  cmcal  appendages  is  present,  Muller  found,  on 
each  side  a very  long,  wide,  blind  diverticulum. 

Auchcnoglanis  hiscnfatus. 

With  one  exception  [Pimelodus  platychir),  Auchenoglanis  is  the  only  African  repre* 
sentative  of  the  essentially  South  American  group  of  Pimelodina,  and,  in  so  far  as  its 
air-bladder  and  skeleton  are  concerned,  has  but  little  in  common  with  the  other 
normal  members  of  the  group. 


126 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDON 


As  regards  the  modifications  of  the  anterior  vertebrae  and  their  processes,  Aucheno- 
glanis  somewhat  closely  resembles  Pseudohagrus  or  Rita.  The  first  eight  vertebrae 
are  rigidly  connected  together,  the  ninth  being  the  first  of  the  flexibly  articulated 
series.  The  body  of  the  first  vertebra  is  a thin  slightly  biconcave  discoidal  bone. 
The  anterior  face  of  the  complex  centrum  (fig.  42,  c.c.)  is  also  discoidal  with  a 
relatively  shallow  concavity,  but  for  the  rest  of  its  extent  the  centrum  is  laterally 
compressed,  its  posterior  concavity  being  deep  and  almost  tubular.  The  complex 
centrum  is  about  half  as  long  again  as  the  centrum  of  the  fifth  vertebra.  -The  latter 
(u®)  is  similarly  unsymmetrical  in  the  relative  depths  of  its  concave  surfaces,  and 
nearly  twice  the  length  of  any  of  the  succeeding  centra.  Instead  of  the  arch  of  the 
complex  vertebra  forming,  as  it  almost  invariably  does,  a continuous  lamina  of  bone  on 
each  side  of  the  neural  canal,  its  anterior  third  is  separated  from  the  posterior  two- 
thirds  by  a well-marked  irregularly  shaped  cleft,  which  not  only  indicates  the 
distinctness  of  the  usually  confluent  arches  of  the  third  and  fourth  vertebrae,  but  also 
extends  dorsal  wards  and  is  evident  as  a suture  separating  the  lai’ge  spinous  process  of 
the  third  from  the  rudimentary  spine  of  the  fourth  vertebra. 

A continuous  deposit  of  superficial  bone  thickens  the  lateral  surfaces  of  the 
compressed  centra  of  the  complex  and  fifth  vertebrae,  and  is  also  continued  posteriorly 
in  the  form  of  stout  ventro-lateral  ridges  as  far  as  the  seventh  centrum.  There  is  a 
deep  median  aortic  groove  on  the  ventral  surfaces  of  these  centra  bounded  by 
prominent  lateral  ridges.  The  posterior  cardinal  vein  traverses,  not  a canal,  but  a 
deep  groove  (fig.  42,  cd.g.)  on  the  sides  of  the  complex  and  fifth  centra,  between  the 
dorsal  edge  of  the  superficial  ossification  and  the  roots  of  the  adjacent  transverse 
processes,  and  only  for  a short  distance  in  the  region  of  the  dorsal  lamina  {d.l.)  does 
the  vein  become  completely  surrounded  by  bone.  The  ventral  margin  of  the  anterior 
face  of  the  complex  centrum  is  produced  downwards  and  laterally  into  a somewhat 
fan-shaped,  transversely  disposed,  plate  of  bone  (sv.jx)  which  is  cleft  in  the  median 
line  for  the  passage  of  the  dorsal  aorta.  Two  similar  but  smaller  processes  (sv.p.^)  are 
developed  from  the  corresponding  margin  of  the  body  of  the  first  vertebra  and  become 
suturally  applied  to,  without  anchylosing  with,  the  former  pair.  These  paired  bony 
outgrowths  may,  in  part,  represent  the  accessory  articular  processes  of  the  complex 
and  fifth  vertebrae,  but  if  this  be  so,  there  can  be  little  doubt  that  they  have  been 
greatly  strengthened  by  the  extension  of  the  superficial  ossifications  from  the  complex 
centrum  into  the  mesial  portion  of  the  outer  stratum  of  the  tunica  externa  of  the 
anterior  wall  of  the  air-bladder. 

The  anterior  division  of  the  transverse  process  of  the  fourth  vertebra  {t.p.'^a.)  is  very 
stout,  slightly  decurved,  and  flattened  antero-posteriorly  towards  its  distal  extremity, 
where  it  is  applied  to  the  expanded  outer  extremity  of  the  inferior  limb  of  the  post- 
temporal. The  posterior  division  is  broad  and  flat  continuous  for  the  most 

part  with  the  anterior  division,  but  separated  therefrom  at  its  distal  extremity  by  a 
wide  cleft.  The  transverse  process  of  the  fifth  vertebra  is  both  longer  and 
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broader  than  any  that  follow,  and  partially  confluent  at  its  root  with  the  preceding 
process.  The  transverse  processes  of  the  sixth  vertebra  carry  the  first  pair  of  ribs 
and  are  quite  free. 

The  radial  nodule  {r.n.)  is  a somewhat  elongated  ossification,  loosely  attached  by 
fibrous  tissue  to  the  lateral  surface  of  the  complex  centrum,  and  by  the  same  means 
connected  also  with  the  slender  dorsal  lamina  {d.l.),  which,  after  passing  beneath  the 
posterior  cardinal  vein  blends  with  the  ventral  surface  of  the  transverse  process 
of  the  fourth  vertebra. 

The  air-bladder  (fig.  44)  has  no  extrinsic  muscles  comparable  to  the  compressor  and 
tensor  tripodis  muscles  of  the  South  American  PimelodincB.  Its  walls  are  fairly  thick, 
and  its  lateral  compartments  devoid  of  any  trace  of  secondary  transverse  septa.  The 
primary  transverse  septum  {t.s.)  stretches  completely  across  the  bladder,  but  two 
large  circular  apertiures  place  the  anterior  and  lateral  compartments  in  free  com- 
munication with  one  another.  The  skeletal  attachments  of  the  anterior  wall  are 
similar  to  those  of  Platy stoma,  except  that  the  median  portion  of  its  outer  stratum  is 
firmly  attached  to  and  supported  by  the  fan-shaped  sub-vertebral  processes.  The 
attachments  of  the  converging  fibres  of  the  antero-lateral,  lateral,  and  dorsal  walls 
of  the  anterior  chamber  to  the  tripodes  are  normal.  Fig.  44  shows  the  outer  stratum 
of  the  tunica  externa  of  the  anterior  wall  {o.st.),  and  incidentally  also,  the  lateral 
peritoneal  cul-de-sacs  (p.c.s.),  in  which  the  small  lateral  lobes  of  the  liver  are  lodged,  the 
recesses  which  contained  the  anterior  lymphoid  lobes  of  the  mesonephros  {mph.r.),  and 
the  aponeurotic  membrane  bounding  these  recesses  anteriorly  and  dorsally  {ap.m.). 

The  Weberian  ossicles  require  no  special  description.  The  anterior  process  of  the 
tripus  (fig.  43,  tr.a.)  is  very  broad  in  proportion  to  its  length,  and  has  its  anterior 
extremity  greatly  thickened  for  the  attachment  of  the  stout  interossicular  ligament. 
The  crescentic  process  (figs.  43,  44,  tr.c.)  is  rather  stout,  with  a relatively  slight  and 
somewhat  open  curvature,  and  a decurved  inner  extremity.  The  intercalarium  is  a 
stout  nodule  in  the  interossicular  ligament.  The  scaphium  has  a comparatively  small 
spatulate  process. 

The  more  noteworthy  features  in  which  Auchenoglanis  differs  from  the  majority  of 
other  normal  Pimelodince  are  (a)  the  restricted  extent  of  the  superficial  ossifications, 
which  consequently  fail  to  extend  laterally  on  to  the  modified  transverse  processes,  or 
ventrally  round  the  dorsal  aorta,  so  that  the  channels  both  for  the  dorsal  aorta  and 
the  posterior  cardinal  veins  remain  as  open  grooves,  instead  of  complete  bony  canals  ; 
(6)  the  presence  of  paired  sub-vertebral  processes  for  the  suppoid  and  attachment  of 
the  anterior  wall  of  the  bladder  ; (c)  the  absence  of  lateral  ca3cal  outgrowths,  of 
secondary  transverse  septa,  and  of  compressor  or  tensor  tripodis  muscles. 
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Group — Akiixa. 

Arius  pidada. 

As  the  genus  Arius,  of  all  the  genera  of  Silurold  Fishes  the  most  cosmopolitan  in 
its  geographical  distribution,  not  only  includes  a considerable  number  of  species,  but 
is  also  fairly  typical  of  several  other  genera  in  so  far  as  the  modifications  of  the 
anterior  vertebrae  and  the  structure  of  the  air-bladder  are  concerned,  we  venture  to 
give  a detailed  account  of  these  structures  in  the  Javan  species,  Arius  pidada. 

The  series  of  rigidly  interconnected  anterior  vertebrae  includes  the  first,  the  complex, 
and  the  fifth,  sixth,  and  seventh  vertebrae,  all  of  which  are  also  firmly  connected  with 
the  skull,  partly  by  reason  of  the  anchylosis  of  the  accessory  articular  processes  of  the 
basioccipital  and  complex  centrum,  and  partly  by  the  extension  of  a pair  of  bony 
laminae  between  the  supraoccipital  and  the  modified  transverse  processes  of  the  fourth 
vertebra. 

Kelatively  to  the  normal  centra  the  body  of  the  first  vertebra  is  very  small,  and 
though  visible  in  the  fioor  of  the  neural  canal,  of  which  its  dorsal  surface  forms 
a part,  is  hidden  ventrally  by  the  coalescence  of  the  accessory  articular  processes  of  the 
basioccipital  and  complex  centrum  ; laterally,  it  is  to  a slight  extent  visible  on  the 
exterior,  wedged  in  between  the  complex  centrum  and  the  base  of  the  skull  (figs.  45 
and  46,  v.^).  The  complex  centrum  is  much  elongated  and  has  its  posterior  concavity 
deeper  than  the  anterior  (fig.  46,  c.c.).  Two  pairs  of  nutrient  foramina  are  visible  on 
its  ventral  surface,  in  the  roof  of  the  aortic  canal,  which  belong  to  the  third  and 
fourth  vertebrae  respectively  (fig.  46).  The  body  of  the  fifth  vertebra  {v.^)  is  smaller 
than  the  complex  centrum  which,  however,  it  resembles  in  having  the  posterior 
concavity  much  deeper  than  the  anterior.  The  sixth  centrum  is  somewhat  larger 
than  the  seventh  but  both  are  normal,  except  that  their  lateral  surfaces  are  invested 
by  the  superficial  ossifications  (y.*^,  v."‘).  The  eighth  vertebra  is  normal  and  free 
(figs.  45  to  47,  v.^). 

The  neural  arches  of  all  the  anterior  vertebras  from  the  complex  to  the  seventh 
inclusive,  are  partially  anchylosed  together,  only  faint  indications  of  sutures  being 
observable  between  them  (fig.  46). 

The  neural  spines  of  the  third  and  fourth  vertebras  are  long  and  stout ; the  former 
is  inclined  forwards  over  the  neural  canal  in  the  region  of  the  first  vertebra,  and 
abuts  against  the  supraoccipital  and  exoccipitals,  but  a small  amount  of  intercalated 
cartilage  still  persists  in  a cleft  in  its  anterior  margin  (fig.  46,  a .5.®);  the  latter,  on 
the  contrary,  is  directed  obliquely  backwards  and  cleft  at  its  distal  extremity,  and 
grooved  along  its  posterior  margin  for  the  support  of  the  two  large  anterior  inter- 
spinous  bones  of  the  dorsal  fin  (n.s.'^).  The  spines  of  the  four  succeeding  vertebra) 
are  obsolete.  The  ninth  vertebra  has  a pair  of  rudimentary  spines  and  the  tenth 
and  following  vertebne  large  spines,  which  are  bifid  in  the  region  of  the  dorsal  fin 
(fig.  46). 
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A very  characteristic  feature  in  Arius  piclada,  and  in  all  the  Arioid  genera  and 
species  that  came  under  our  notice,  is  the  existence  of  a stout  conical  subvertebral 
process  of  bone  which  grows  downwards  from  the  ventral  surfaces  of  the  anterior 
portion  of  the  complex  centrum,  the  body  of  the  first  vertebra,  and  the  hinder  part  of 
the  basioccipital  (figs,  45  to  48,  sv.p.).  All  three  bones  apparently  take  part  in  its 
formation,  but  the  basioccipital  to  a much  greater  extent  than  the  others.  The 
process  is  broad  at  its  origin,  somewhat  laterally  compressed  for  the  greater  part  of 
its  extent,  but  flattened  from  before  backwards  at  its  free  ventral  extremity.  Its 
base  is  perforated  by  the  commencement  of  the  aortic  canal.  The  subvertebral 
process  is  closely  applied  to  the  mesial  portion  of  the  anterior  wall  of  the  air-bladder, 
but,  except  at  its  distal  extremity,  there  is  no  fibrous  connection  between  the  two 
(fig,  48,  sv.p.).  The  formation  of  the  process  seems  to  have  been  due  to  the  enormous 
enlargement  of  the  accessory  articular  processes  of  the  basioccipital  and  the  centra  of 
the  first  and  complex  vertebrae  (see  Macrones,  p.  76,  figs.  4 and  5),  but  if  this  be  so 
their  original  paired  arrangement  is  now  completely  obscured  by  ventral  coalescence 
beneath  the  dorsal  aorta.  There  can,  however,  be  little  doubt  that  the  superficial 
ossifications  by  their  extension  into  the  median  portion  of  the  transverse  membrane, 
and  possibly  also  into  that  part  of  the  aponeurotic  membrane  which  invests  the 
ventral  surface  of  the  basioccipital,  combined  with  their  subsequent  fusion  with  the 
processes  in  question,  have  largely  contributed  to  the  growth  of  the  subvertebral 
process.  A somewhat  intermediate  condition  between  the  ordinary  accessory  articular 
processes  of  Macrones  and  the  subvertebral  process  of  Arius  and  its  allies  is  to  be 
found  in  Auchenoglanis  and  one  or  two  other  genera,  where  the  articular  processes 
retain  their  usual  paired  arrangement,  but  those  belonging  to  the  complex  centrum, 
and  to  a lesser  extent  those  of  the  first  vertebra  also,  obviously  owe  their  lateral 
growth  to  an  extension  of  bony  deposit  from  the  superficial  ossifications  into  the  outer 
layer  of  the  tunica  externa  of  the  anterior  waU  of  the  air-bladder. 

As  in  Platystoma,  the  superficial  ossifications  are  very  strongly  developed  (figs.  45 
and  47,  so.s.).  Not  only  do  they  continuously  invest  the  lateral  surfaces  of  the 
anterior  vertebrae  from  the  complex  to  the  seventh,  inclusive,  but,  by  their  extension 
downwards  and  subsequent  fusion  in  the  medio-ventral  line,  they  convert  what  is 
ordinarily  a groove  for  the  dorsal  aorta  into  a complete  aortic  canal  (figs.  46  and  47, 
a.c.).  Laterally,  the  ossifications  extend  outwards  from  the  sides  of  the  centra  and 
extensively  invest  the  ventral  surfaces  of  the  transverse  processes  of  the  fourth  and 
fifth  vertebrae,  and,  in  addition,  slightly  overlap  the  roots  of  the  corresponding 
processes  of  the  sixth  and  seventh  vertebrae  (fig.  47,  so.s.).  Anteriorly,  the  ossifica- 
tions extends  downwards  towards  the  median  line,  and  would  seem  to  blend  with  the 
posterior  face  of  the  subvertebral  process.  At  the  posterior  aperture  of  the  aortic 
canal  the  confluent  ossifications  are  deeply  emarginate  in  the  mid-ventral  line,  fl'he 
shape  of  each  ossification  as  it  extends  outwards  from  the  vertebral  centra  to 
blend  with  the  transverse  processes  is  somewhat  triangular,  with  the  apex  directed 
MDCCCXCIII. — B.  s 
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outwards  and  confluent  with  the  transverse  process  of  the  fourth  vertebra  (fig.  47). 
The  oblique  anterior  and  posterior  margins  of  the  ossifications  are  nearly  straight,  but 
the  posterior  is  much  the  longer  of  the  two.  As  in  Platystoma,  the  lateral  extension 
of  the  ossifications  from  the  sides  of  the  vertebral  centra  on  to  the  contiguous  transverse 
processes  converts  the  cardinal  grooves  into  complete  canals,  the  length  of  which 
nearly  coincides  with  that  of  the  series  of  modified  and  rigidly  articulated  vertebrm, 
but  unlike  Platystoma,  the  ossifications  are  not  traversed  by  wavy  or  other  lines 
indicative  of  intervertebral  sutures. 

A stout  radial  nodule  is  firmly  attached  to  each  of  the  lateral  surfaces  of 
the  complex  centrum  near  its  anterior  extremity,  and  at  the  base  of  the  sub  vertebral 
process  (fig.  47,  r.n.).  A faint  oblique  lateral  ridge  traverses  each  of  the  antero- 
lateral margins  of  the  sub  vertebral  process  but  scarcely  reaches  the  radial  nodule. 
The  dorsal  lamina  (fig.  47,  d.l.)  is  represented  by  a thin  slender  process  of  bone, 
which  is  prolonged  from  the  radial  nodule  obliquely  backwards  and  upwards,  ventrad 
to  the  posterior  cardinal  vein,  and  finally  blends  with  the  ventral  surface  of  the 
transverse  process  of  the  fourth  vertebra.  The  posterior  margin  of  the  lamina 
is  suturally  joined,  to  the  anterior  margin  of  the  superficial  ossification  of  the 
same  side,  and,  consequently,  to  a slight  extent,  lengthens  the  corresponding 
cardinal  canal. 

The  presence  of  transverse  processes  in  connection  with  the  centrum  of  the  first 
vertebra  is  very  exceptional  in  the  Siluridse.  IIamsay  Wright  (42),  however,  has 
described  a pair  of  very  rudimentary  processes  in  Amiurus  catus,  and  a pair  of  short 
spicular  outgrowths  from  the  first  vertebra  in  Arius  pidada  may  possibly  have  a like 
significance,  but  that  they  correspond  to  those  carried  by  the  succeeding  vertebrae  is, 
to  say  the  least,  very  doubtful.  The  transverse  processes  of  the  fourth  vertebra  are 
greatly  developed.  Each  is  somewhat  fan-shaped,  with  a flattened  and  contracted 
root,  and  an  expanded  distal  portion  (figs.  45  and  47,  tp^).  The  anterior  portion, 
representing  the  anterior  division  of  the  process  {t.pAa.),  is  slightly  thickened  and 
strongly  decurved,  and,  moreover,  is  produced  distally  into  a pointed  process  which 
is  applied  to  the  cleft  stem  of  the  post-temporal  so  as  to  form,  completely  or  partially, 
the  posterior  boundary  of  the  socket  for  the  clavicle.  The  posterior  portion  of  the 
transverse  process,  which  is  much  thickened,  inclines  obliquely  backwards  as  well  as 
outwards,  and  represents  the  usual  posterior  division  of  the  process  {t.p^p.).  An 
extremely  thin,  curved,  and  apparently  somewhat  flexible  lamina  of  bone  extends 
between  and  connects  the  thickened  anterior  and  posterior  divisions.  The  relative 
thinness  of  this  lamina,  combined  with  the  existence  of  a deep  notch  between  the 
decurved  anterior  division  and  the  complex  centrum  for  the  reception  of  the  posterior 
section  of  the  tripus,  renders  the  anterior  division  slightly  flexible  and  apparently 
capable  of  a limited  amount  of  motion  in  an  upward  and  forward  direction.  The 
transverse  process  of  the  fifth  vertebra  {t.p.^)  is  much  smaller  but  longer  and  more 
expanded  than  any  that  follow.  Its  distal  extremity  is  free,  but  for  the  greater  part 
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of  its  extent  the  anterior  margin  of  the  process  is  suturally  united  to  the  posterior 
edge  of  the  preceding  process.  The  transverse  process  of  the  sixth  vertebra  is 

long  and  slender,  free  distally,  but  slightly  overlapped  proximally  by  the  posterior 
edge  of  its  predecessor.  Its  distal  extremity  carries  the  first  rib  (r.^). 

The  expanded  and  otherwise  modified  transverse  processes  of  the  fourth,  fifth,  and 
sixth  vertebrae,  together  with  the  superficial  ossifications,  form  on  each  side  a smooth, 
bony  surface,  concave  from  before  backwards,  and  closely  moulded  to  the  convexity 
of  the  anterior  and  dorsal  walls  of  the  anterior  compartment  of  the  air-bladder. 
The  strong  development  of  the  superficial  ossifications  and  their  median  and  ventral 
coalescence  to  form  an  aortic  canal  renders  the  subvertebral  keel  unusually  prominent, 
and  its  groove-like  impression  in  the  medio-dorsal  line  of  the  anterior  chamber 
exceptionally  deep. 

Except  for  the  large  size  of  the  accessory  articular  processes  of  the  basioccipital 
and  their  union  with  those  of  the  complex  centrum  to  form  the  subvertebral  process, 
the  structure  of  the  hinder  part  of  the  skull  substantially  agrees  with  that  of 
Macrones.  The  cranial  recesses  for  the  utriculi  are  unusually  spacious,  and  are  visible 
externally  as  prominent  rounded  bullae  on  the  surfaces  of  the  auditory  capsules  near 
the  postero-lateral  angles  of  the  skull.  The  cavum  sinus  imparis  (fig.  46,  c.s.i.) 
contracts  towards  its  hinder  extremity  and  communicates  with  the  two  atria  by  a 
comparatively  small  aperture.  The  posterior  edge  of  its  roof  is  produced  downwards 
into  a median  process,  which  nearly  meets  the  slightly  upturned  posterior  margin  of 
the  basioccipital  and  strengthens  the  otherwise  fibrous  roof  and  posterior  wall  of  the 
atrial  cavities.  The  posterior  face  of  the  skull  is  firmly  united  to  the  anterior 
vertebrae  by  two  broad  shelving  plates  of  bone  which  extend  downwards  from  the 
lateral  portions  of  the  supraoccipital  and  suturally  articulate  with  stout  ridges  on  the 
dorsal  surfaces  of  the  transverse  processes  of  the  fourth  vertebra  (figs,  45,  46,  so.^). 
The  supraoccipital  spine  (w.^)  is  very  strongly  developed  and  extends  backwards  over 
the  interspace  between  the  divergent  spines  of  the  third  and  fourth  vertebrae  to  its 
sutural  union  with  the  first  interspinous  bone  or  nuchal  plate  (i.s.).  A thin  lamina  of 
bone  is  given  off  from  the  posterior  plate  of  the  exoccipital  between  the  two  foramina 
for  the  passage  of  the  pneumogastric  and  hypoglossal  nerves,  and  extends  backwards 
towards  the  root  of  the  first  of  the  modified  transverse  processes ; this  plate  forms 
the  outer  wall  of  a recess  in  which  the  saccus  paravertebralis  is  lodged,  the  inner 
wall  being  formed  by  the  adjacent  lateral  surfaces  of  the  first  vertebral  centrum  and 
the  anterior  portion  of  the  complex  centrum  (fig.  47), 

It  will  be  observed  that  the  union  of  the  skull  with  the  anterior  vertebrae  is 
unusually  intimate  in  Arius.  Apart  from  the  partial  anchylosis  of  the  accessory 
articular  processes  of  the  basioccipital  and  complex  centrum  in  the  formation  of  the 
characteristic  subvertebral  process,  the  union  of  the  paired  supraoccipital  laminoe  and 
the  median  supraoccipital  spine  with  the  transverse  processes  of  the  fourth  vertebra 
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and  the  expanded  first  interspinous  bone,  respectively,  renders  the  connection  between 
the  two  structures  exceptionally  rigid. 

The  post-temporal  is  normal  in  shape,  and  in  its  relations  to  the  skull  and  to  the 
transverse  processes  of  the  fourth  vertebra.  The  inferior  limb  of  the  bone  articulates 
with  a stout  projection  from  the  lateral  surface  of  the  basioccipital  (fig.  47,  The 

cleft  in  the  stem  of  the  post-temporal  to  form  the  clavicular  socket  is  unusually  deep 
(cl.s.).  There  are  no  post-temporal  plates. 

The  air-bladder  has  the  usual  cordate  shape,  but  its  walls  are  exceptionally  stout 
and  rigid  (fig.  48).  Its  anterior  wall  is  traversed  by  a deep  median  vertical  groove, 
due  to  the  impression  of  the  sub  vertebral  process  (sv.p.).  As  in  most  other  normal 
Siluridos,  the  cavity  of  the  bladder  is  subdivided  into  an  anterior  (a.c.)  and  two 
lateral  chambers  (l.c.)  by  the  usual  A -shaped  disposition  of  the  primary  transverse 
{t.s.)  and  longitudinal  (Is.)  septa;  and  the  cavity  of  each  lateral  compartment  is 
further  subdivided  by  several  secondary  transverse  septa  {t.s.').  Strong  buttresses  of 
fibres  pass  from  both  faces  of  the  secondary  septa,  and  also  from  the  posterior  face  of 
the  principal  transverse  sejitum,  and  extend  into  the  adjacent  portions  of  the  ventral 
wall  of  the  two  lateral  compartments.  The  primary  transverse  septum  (t.s.)  is  very 
thick,  and  inclines  obliquely  downwards  and  forwards  from  its  dorsal  attachment  to 
the  skeleton  to  its  junction  with  the  ventral  wall  of  the  bladder.  Here,  as  in 
Platystoma,  the  obliquity  of  the  septum  has  the  effect  of  causing  the  lateral 
compartments  to  extend  forwards  for  some  little  distance  beneath  the  anterior 
chamber.  The  dorsal  margin  of  the  septum  is  firmly  attached  to  the  posterior  and 
lateral  edges  of  the  superficial  ossifications  where  the  latter  invest  the  body  of  the 
fifth  vertebra,  and,  externally  to  this,  to  the  ventral  surfaces  of  the  transverse 
processes  of  the  same  vertebra.  The  mesial  portion  of  the  anterior  face  of  the  septum 
is  thickened  into  two  stout,  forwardly  projecting,  parallel  ridges,  which  are  continued 
dorsally  to  the  skeletal  attachments  of  the  septum ; ventrally  the  ridges  extend 
downwards,  and,  at  the  same  time,  curve  forwards  along  the  inner  surface  of  the 
ventral  wall  of  the  anterior  chamber,  while  still  retaining  their  parallel  relations 
{r.s.y^ ; from  the  ventral  wall  the  two  ridges  again  extend  dorsal  wards  on  the  poste- 
rior face  of  the  anterior  wall,  where  the  fibres  of  which  they  are  composed,  with  the 
addition  of  the  remaining  fibres  of  the  median  portion  of  the  anterior  wall,  diverge  in 
the  form  of  two  bundles  (anterior  pillars),  and  pass,  one  on  each  side  of  the  complex 
centrum,  to  the  lateral  surfaces  of  which  and  to  the  radial  nodules  they  eventually 
become  attached.  In  the  anterior  wall  the  vertically  disposed  ridges  are  evidently 
the  result  of  a special  concentration  of  the  vertical  fibres,  which  normally,  as  in 
Macrones,  form  the  inner  stratum  of  the  tunica  externa  in  that  region,  while  the 

* lu  fig.  48  only  the  lateral  portions  of  the  ventral  wall  of  the  anterior  chamber  have  been  removed, 
the  median  portion  remaining  intact,  except  that  an  oval  window  has  been  cut  in  it  in  order  to  show  the 
parallel  ridges  on  its  inner  surface.  The  same  figure  also  shows  the  obliquity  of  the  primary  transverse 
septum,  and  the  forward  extension  of  the  two  lateral  compartments. 


ON  THE  ANATOMY  OF  FISHES. 


133 


parallel  ridges  of  the  ventral  wall  as  clearly  owe  their  existence  to  an  excessive 
thickening  of  the  inner  stratum  of  longitudinal  fibres,  which  continuously  extends 
between  the  anterior  wall  and  the  primary  transverse  septum  and  their  respective 
attachments  to  the  skeleton.  The  special  development  of  these  fibres,  and  their 
concentration  into  strong  inwardly  projecting  ridges,  is  probably  to  be  correlated  with 
the  greater  thickness  of  the  walls  of  the  anterior  chamber  in  Arius.  Functionally, 
the  ridges  may  be  compared  to  a more  or  less  rigid  skeletal  structure,  arch-like  in 
shape,  and  with  the  convexity  of  the  arch  directed  towards  the  ventral  surface,  thus 
rendering  the  anterior,  posterior,  and  ventral  walls  of  the  anterior  chamber  rigid  and 
unyielding,  and  therefore  necessarily  causing  any  increase  or  diminution  in  the  internal 
capacity  of  the  chamber  to  depend  mainly,  and  probably  solely,  on  the  movements  of 
its  lateral  walls.  The  projection  of  these  ridges  into  the  cavity  of  the  chamber,  com- 
bined with  the  strong  median  ridge  which  the  impression  of  the  sub  vertebral  keel 
gives  rise  to  in  the  dorsal  wall,  has  the  effect  of  reducing  the  communication  between 
the  lateral  halves  of  the  chamber  to  a relatively  small  oval  foramen.  (See  Ketengus 
typus,  fig.  50.)  The  walls  of  the  compartment  are  perfectly  smooth  internally,  and, 
laterally,  are  in  contact  with  the  cutaneous  areas  (fig.  48,  l.c.a.). 

In  the  arrangement  and  skeletal  attachments  of  the  fibrous  sheets  forming  the 
walls  of  the  anterior  chamber,  Arius  exhibits  several  features  in  which  it  differs  from 
Macrones,  and  many  other  normal  Siluroids  that  we  have  so  far  described.  In  the 
proper  anterior  wall  the  fibres  forming  the  median  portions  of  both  the  inner  and  outer 
strata  of  the  tunica  externa  are  closely  coherent,  and  on  the  ventral  surface  of  the 
anterior  end  of  the  complex  centrum  split  into  two  diverging  bundles,  v/hich  pass 
dorsally,  one  on  each  side  of  the  median  line,  and  ad  their  dorsal  margins  have  the 
usual  insertions  into  the  lateral  surfaces  of  the  centrum,  the  radial  nodules,  and  the 
ventral  ridges  on  the  crescentic  processes  of  the  tripodes.  (See  BatracJiocephalus 
mino,  fig.  52,  ap.)  Externally  to  these  skeletal  attachments,  on  either  side, 
the  two  strata  become  more  easily  separable,  although  still  connected  by  scattered 
fibres  passing  from  one  to  the  other,  but  the  fibres  of  the  outer  stratum,  instead  of 
extending  into  the  dorsal  wall  and  becoming  attached  to  the  tripodes,  are  inserted 
by  their  dorsal  edges  into  the  whole  extent  of  the  decurved  anterior  margins  of  the 
transverse  processes  of  the  fourth  vertebra,  including  the  distal  extremities  of  the 
two  processes,  the  insertion  being  posterior  to  the  dorsal  attachment  of  the  transverse 
membrane  (fig.  52,  t.p.ki.,  o.st.).  Traced  from  the  anterior  wall  into  either  lateral 
wall  the  fibres  of  the  outer  stratum  acquire  the  characteristic  curvilinear  disposition, 
and,  if  traced  thence  into  the  dorsal  wall,  converge  in  the  form  of  thick  triangular 
sheets  to  their  ultimate  insertion  into  the  crescentic  processes  of  the  tripodes  (o.st.'). 
The  fibres  forming  the  inner  stratum  of  the  tunica  externa  of  the  anterior  wall  on 
either  side  of  the  median  skeletally  attached  portion  have  the  normal  vertical 
disposition,  but  become  longitudinal,  or  slightly  oblique,  if  traced  thence  into  the 
dorsal  wall,  where  they  cross  at  right  angles  the  converging  fibres  of  the  outer 
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stratum  to  the  outer  side  of  each  trIpus,  with  which,  however,  they  are  in  no  way 
directly  connected  (fig.  48,  in.st.).  Traced  from  the  anterior  into  the  antero-lateral 
and  lateral  walls  the  fibres  of  the  same  stratum,  are  still  vertical,  but  in  the  dorsal 
w’all  become  transverse,  or  at  all  events  oblique,  and  nearly,  if  not  quite,  coincident 
in  direction  with  the  fibres  of  the  outer  stratum ; nevertheless,  none  of  these  fibres 
appear  to  reach  the  tripodes,  or  become  directly  attached  thereto,  but  thin  away 
before  reaching  the  crescentic  processes  of  those  ossicles.  The  inner  stratum  is 
relatively  thin,  and  hence  the  triangular  sheets  which  form  the  greater  part  of  the 
dorsal  wall  of  the  anterior  chamber  are  mainly  composed  of  the  converging  fibres  of 
the  outer  stratum.  We  have  already  pointed  out  that  the  subvertebral  process  is  so 
closely  applied  to  the  anterior  wall  of  the  bladder  as  to  produce  in  it  a deep  median 
groove,  and  we  may  add  that  the  distal  extremity  of  the  process  is  attached  thereto 
by  fibrous  tissue. 

From  a comparison  of  Arms  and  Macrones  it  will  be  obvious  that  the  extent  to 
which  the  anterior  wall  of  the  air-bladder  is  attached  to  the  axial  skeleton  varies 
greatly  in  different  Siluroids.  In  most  of  the  genera  with  normal  air-bladders  that  we 
have  so  far  described,  as  for  example  in  Macrones,  the  whole  thickness  of  the  mesial 
portion  of  the  wall  is  attached  dorsally  to  the  lateral  surfaces  of  the  complex  centrum, 
to  the  radial  nodules,  and  to  the  ventral  ridges  of  the  tripodes,  but  laterally  to  this 
point,  on  each  side,  the  inner  and  outer  strata  of  the  tunica  externa  behave  dif- 
ferently in  different  genera.  In  Macrones  and  its  allies  both  strata  are  continued 
into  the  dorsal  wall,  and  eventually  become  inserted  into  the  anterior  part  of  the 
convexity  of  the  crescentic  process  of  each  tripus.  In  Arms,  on  the  contrary,  the 
outer  stratum  in  this  region  becomes  disassociated,  as  it  were,  both  from  the  tripus 
and  the  inner  stratum,  and  firmly  inserted  by  its  dorsal  margin  into  the  anterior  edge 
of  the  transverse  process  of  the  fourth  vertebra.  Variations  may  also  be  noted  in  the 
extent  to  which  the  fibres  of  the  interior  chamber  are  inserted  into  the  tripodes.  Thus 
in  Macrones,  all  the  fibres  of  the  inner  stratum  in  the  lateral  portions  of  the  anterior 
wall,  as  well  as  those  of  the  same  stratum  in  the  lateral  walls,  are  prolonged  into  the 
dorsal  wall  and  eventually  become  inserted  into  the  tripodes ; but  in  Arius  the  corre- 
sponding fibres,  although  traceable  into  the  dorsal  wall,  thin  away  and  disappear  as  a 
definite  stratum  without  reaching  or  becoming  directly  attached  to  these  ossicles. 
Hence  it  is  that  in  the  latter  genus,  the  only  fibres  directly  inserted  into  the 
tripodes  are  those  which  form  the  outer  stratum  of  the  tunica  externa  of  the 
lateral  walls  and  are  subsequently  prolonged  into  the  dorsal  wall  in  the  form  of 
stout  triangular  sheets,  whereas  in  the  former  genus  the  fibres  of  both  strata  in 
the  anterior  as  well  as  in  the  lateral  walls,  with  the  exception  of  the  skeletally 
attached  mesial  part  of  the  anterior  wall,  converge  in  the  dorsal  wall  to  the  tripodes 
and  are  directly  attached  thereto.  With  reference  to  these  variations  it  may  be 
pointed  out  that  Platystoma  and  other  normal  Pimelodinae  more  closely  approach 
the  Arioid  than  the  Macrones  type  in  the  extent  and  nature  of  the  skeletal 
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attachments  of  the  anterior  wall  of  the  air-bladder,  but  while  agreeing  with 
Arius  in  the  insertion  of  the  dorsal  edo-e  of  the  outer  stratum  of  the  tunica 

O 

externa  into  the  anterior  margins  of  the  modified  transverse  processes  of  the 
fourth  vertebra,  Platystoma  differs  from  that  genus  in  having  the  fibres  of  the  inner 
stratum  of  the  lateral  portions  of  the  anterior  wall  connected  dorsally  with  the 
tripodes,  even  though,  as  in  Arius,  the  fibres  of  the  same  stratum  in  the  lateral  walls 
fail  to  reach  the  ossicles  in  question  ; and,  consequently,  in  this  respect  Platystoma 
occupies  an  intermediate  position  between  Arius  and  Macrones. 

The  more  extensive  attachment  of  the  anterior  wall  of  the  bladder  to  immoveable 
portions  of  the  axial  skeleton  is  evidently  a further  provision  to  counteract  any 
tendency  on  its  part  to  participate  in  the  distension  or  contraction  of  the  anterior 
chamber,  and  consequently  helps  to  restrict  any  diminution  or  increase  in  the  capacity 
of  that  compartment  to  movements  of  the  lateral  walls  which  alone  can  influence  the 
Weberian  ossicles. 

Unlike  Platystoma  a transverse  membrane  can  be  readily  recognized  in  Arius  as  a 
thin  but  tough  and  inextensible  layer  of  transversely  or  obliquely  arranged  fibres 
divided  into  two  lateral  halves  by  the  subvertebral  process.  Each  half  is  attached  by 
its  inner  edge  to  the  lateral  surface  of  the  process,  and  dorsally  to  the  corresponding 
radial  nodule  and  dorsal  lamina,  and  in  addition  to  the  whole  extent  of  the  ventral 
margin  of  the  decurved  anterior  edge  of  the  transverse  process  of  the  fourth  vertebra, 
from  its  root  to  its  pointed  distal  extremity.  At  the  antero-lateral  angles  of  the  air- 
bladder  the  fibres  of  this  membrane  pass  from  the  extremities  of  the  transverse 
processes  and  blend  with  the  adjacent  portions  of  the  ventral  wall. 

The  existence  in  Arius  of  a transverse  membrane  distinct  from  that  layer  of  the 
tunica  externa  of  the  proper  anterior  wall  of  the  bladder,  which  is  also  dorsally 
attached  to  the  anterior  margins  of  the  modified  transverse  processes,  removes  one 
difficulty  as  to  the  exact  natm^e  of  these  structures  in  some  Siluridse.  In  the  case  of 
Platystoma  fasciatum,  which,  in  this  respect,  agrees  with  the  species  dissected  by  us 
(P.  tigrinum),  that  part  of  the  anterior  wall  which  is  attached  to  the  transverse  pro- 
cesses is  regarded  by  Sorensen  (37)  as  representing  the  greatly  thickened  inner 
stratum  of  the  peritoneal  coat  (“  la  pl^vre  ”),  and  is  therefore  the  equivalent  of  that 
special  portion  of  the  superficial  coat  of  the  bladder  hitherto  referred  to  by  us  as  the 
transverse  membrane.^"  In  P.  tigrinum,  and  presumably  in  P.  fasciatum  also,  there 
is  no  transverse  membrane  distinct  from  the  apparent  proper  anterior  wall,  and  there- 
fore, so  far  as  these  species  are  concerned,  it  is  possible  that  the  skeletally-attached 
outer  stratum  of  the  latter  may  be  the  equivalent  of  Sorensen’s  “ la  plevre  ” and  our 
transverse  membrane.  But  in  Arius  a skeletaUy-attached  outer  stratum  of  the 
anterior  wall  and  a transverse  membrane  coexist,  and  consequently  the  one  can 
scarcely  be  an  equivalent  to  the  other  in  cases  where  either  is  absent.  Hence  to  us 
it  seems  more  reasonable  to  assume  that  the  skeletally-attached  stratum  of  the 

• See  Macrones  nemurus,  p.  90. 
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anterior  wall  has  much  the  same  value  both  in  Arius  and  Platystoma,  and  in  each 
case  is  wholly  or  partially  a portion  of  the  tunica  externa ; and  further,  that  the 
transverse  membrane  as  a separable  and  distinct  structure  is  entirely  wanting  in 
Platystoma — a fact  which  may  possibly  be  associated  with  the  extensive  insertion  of 
the  great  compressor  muscles  into  the  walls  of  the  bladder.  We  have  elsewhere,  in 
our  description  of  Macrones,  given  reasons  for  believing  that  even  the  transverse 
membrane  is  merely  a special  portion  of  the  superficial  coat  of  the  air-bladder,  which, 
for  physiological  purposes,  has  acquired  certain  fixed  skeletal  attachments,  and  with  a 
similar  object  it  is  readily  conceivable  that,  in  addition,  even  a stratum  of  fibres 
belonging  to  the  tunica  externa  of  the  anterior  wall  may  also  acquire  a similar  con- 
nection with  rigid  portions  of  the  axial  skeleton,  such,  in  fact,  as  we  have  shown  to 
be  the  case  in  Arius  and  in  Platystoma,  and  other  normal  Pimelodime. 

On  the  whole  the  Weberian  ossicles  in  Arius  2Adada  are  very  similar  to  those  of 
Platystoma.  The  anterior  process  of  the  tripus  (fig.  49,  tr.a.)  is  somewhat  shorter 
and  of  greater  width  than  in  most  other  Siluroids.  The  crescentic  process  {tr.c.)  is 
rather  thicker  than  usual,  apparently  in  accordance  with  the  greater  thickness  of  the 
stratum  of  fibres  attached  to  it,  but  on  the  ventral  surface  of  its  root  the  thickening 
abruptly  ceases,  leaving  at  that  point  a slight  ridge,  which,  like  the  ventral  ridge  in 
Macrones,  receives  the  insertion  of  a slip  of  fibres  derived  from  the  median  portion  of 
the  anterior  wall  of  the  bladder.  The  crescentic  process  has  no  heel-like  projection 
as  in  Macrones,  i\ov  is  its  posterior  margin  deeply  grooved  as  in  Platystoma.  Claustra 
are  present  in  the  form  of  elongated  spicular  ossicles,  slightly  curved  at  their  inferior 
extremities,  and  situated  one  on  each  side  of  the  foramen  magnum  in  contact  with 
the  posterior  margins  of  the  exoccipitals. 

The  more  important  characteristics  of  the  Arioid  type  as  exemplified  by  Arius 
pidada  may  be  summarized  as  follows  : — 

[a.)  The  exceptionally  firm  anchylosis  of  the  skull  with  certain  of  the  anterior 
vertebrae,  through  the  fusion  of  the  greatly  developed  accessory  articular  processes  of 
the  basioccipital  and  complex  centrum  to  form  a stout  subvertebral  process,  and  the 
sutural  union  of  the  transverse  processes  of  the  fourth  vertebra  with  the  su])ra- 
occipital  by  the  extension  of  a pair  of  strong  osseous  laminae  between  the  two 
structures. 

(h.)  The  more  extensive  development  of  the  superficial  ossifications  and  their 
ventral  and  lateral  extension  to  form  complete  bony  canals  for  the  dorsal  aorta  and 
the  posterior  cardinal  veins. 

(c.)  The  absence  of  post-temporal  plates  and  the  exclusion  of  the  post-temporal 
bones  from  contact  with  the  air-bladder,  the  modified  transverse  processes  of  the 
fourth  vertebra,  and  the  subvertebral  process  alone  forming  an  effective  bony 
support  for  its  anterior  wall. 

(d.)  The  absence  of  compressor  and  tensor  tripodis  muscles,  and  of  any  tendency  to 
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the  development  of  antero-lateral  or  other  caecal  appendages  in  connection  with  the 
air-bladder. 

(e.)  The  more  extensive  attachment  of  the  lateral  portions  of  the  tunica  externa  of 
the  anterior  wall  of  the  bladder  to  the  skeleton  by  the  separation  of  their  thick  outer 
strata  from  the  inner,  and  the  dorsal  insertion  of  the  former  into  the  transverse 
processes  of  the  fourth  vertebra. 

{/.)  The  existence  of  a distinct  transverse  membrane  in  addition  to  the  skeletally 
attached  outer  stratum  of  the  proper  anterior  wall  of  the  bladder. 

(g.)  The  concentration  of  the  inner  stratum  of  longitudinal  fibres  in  the  median 
portion  of  the  ventral  wall  of  the  anterior  chamber  into  two  stout,  inwardly  pro- 
jecting parallel  ridges,  and  their  extension  into  the  anterior  and  posterior  walls  to  the 
skeletal  attachments  of  the  anterior  and  posterior  pillars  respectively. 

{Ji.)  The  failure  of  the  fibres  of  the  inner  stratum  of  the  tunica  externa  in  the 
antero-lateral  and  lateral  walls  of  the  anterior  chamber  to  reach  their  usual  insertions 
into  the  crescentic  processes  of  the  tripodes. 

(n).The  suppression  of  the  ascending  and  horizontal  processes  of  the  intercalarium 
and  the  reduction  of  that  ossicle  to  a small  nodule  of  bone  imbedded  in  the  inter- 
ossicular  ligament. 

It  may  be  remarked  that  as  regards  the  features  indicated  in  paragraphs  h,  c,  e,  h, 
and  i,  AHus  more  or  less  closely  resembles  Platystoma  and  the  other  normal  Pimelo- 
djnse  ; but  the  distinctness  of  the  Arioid  type  is,  nevertheless,  sufficiently  emphasized 
by  the  facts  referred  to  under  a,  d,  and  f. 

In  addition  to  Arius  pidada,  we  have  dissected  the  following  Indian  and  Malayan 
species  of  the  genus  : — 


A.  sagor. 

A.  truncatus. 
A.  ccelatus. 
A.  venosus. 
A.  utik. 


A.  argyropleuron. 
A.  maculatus. 

A.  thalassinm. 

A.  arioides. 

A.  australis. 


Of  the  African  species,  we  have  only  been  able  to  examine  one  example,  viz., 
Anus  latiscutatus ; and  of  the  South  American  representatives  of  this  widely- 
distributed  genus,  a solitary  example  of  A.  assimilis. 

All  these  species  very  closely  resemble  one  another  and  Arius  pidada  in  the  sti  uc- 
ture  of  the  air-bladder  and  the  nature  of  the  correlated  skeletal  modifications. 
Whatever  variations  do  exist,  appear  to  relate  mainly  to  the  relative  thickness  of  the 
walls  of  the  bladder,  the  greater  or  less  number  of  the  secondary  transverse  septa  in 
the  lateral  compartments,  or  the  relative  size  of  the  lateral  chambers  as  compared 
with  the  anterior  chamber.  As  a general  rule,  and  as  in  most  other  normal  Siluroids, 
the  size  of  the  air-bladder  is  approximately  proportional  to  that  of  the  Fish ; 
and  in  cases  where  it  is  otherwise,  any  diminution  in  its  capacity  takes  place  at  the 

MDCCCXCTII.  — B. 


T 


138 


PROFESSOKS  T.  W.  BRIDGE  AND  A.  C.  H ADDON 


expense  of  the  lateral  compartments  ; or,  in  other  words,  variations  in  the  relative  size 
of  the  anterior  chamber  in  comparison  with  the  bulk  of  the  Fish  are  confined  within 
narrower  limits  than  is  the  case  with  corresponding  variations  in  the  size  of  the  lateral 
chambers.  The  relation  of  such  variations,  and  others  of  a similarly  minor  character, 
to  particular  species  may  be  briefly  noted. 

In  Arms  sagor  the  subvertebral  process  is  somewhat  spatulate  at  its  free  distal 
extremity.  The  lateral  walls  of  the  anterior  chamber  are  extremely  thin  over 
definitely  circumscribed  oval  areas,  which  are  in  close  relation  externally  with  the 
lateral  cutaneous  areas. 

In  Arius  venosus  the  walls  of  the  bladder  are  not  only  very  thick,  but  the  compo- 
nent fibres  of  the  tunica  externa  are  so  densely  interlaced  and  matted  together  that 
their  course  can  scarcely  be  traced  beyond  the  triangular  sheets  of  the  dorsal  wall  of 
the  anterior  chamber. 

In  Arius  ccelatus,  and  in  one  or  two  other  species,  the  outer  wall  of  each  lateral 
chamber  is  strengthened  interiially  by  numerous  vertically-disposed  rib-like  aggrega- 
tions of  fibres,  separated  by  narrow  intervening  slits,  and  these  may  even  extend 
forwards  into  the  outer  wall  of  the  anterior  chamber. 

In  Arius  australis  the  air-bladder  has  particularly  stout  and  rigid  walls,  and  the 
obliquity  of  the  primary  transverse  septum,  especially  of  its  mesial  portion,  is  so  great 
that  its  ventral  edge  extends  nearly  as  far  forwards  as  the  anterior  wall  of  the  bladder 
before  coalescing  with  the  ventral  wall ; hence,  the  lateral  compartments  are  prolonged 
as  gradually  contracting  cavities  on  the  ventral  side  of  the  inclined  septum,  nearly  as 
far  forwards  as  the  anterior  wall  of  the  anterior  chamber,  but  nevertheless  remain 
separated  from  each  other  by  a corresponding  extension  of  the  longitudinal  septum. 
To  a greater  or  less  extent,  this  feature  is  characteristic  of  most  species  of  Arius,  but 
it  is  exceptionally  well  marked  in  this  particular  species. 

In  Arius  latiscutatus  there  is  but  one  secondary  transverse  septum  in  each  lateral 
compartment. 

Arius  assimilis  differs  in  no  essential  respect  from  Its  East  Indian  and  African 
allies.  The  walls  of  the  air-bladder,  however,  are  extremely  thin.  Two  short  rudi- 
mentary secondary  transverse  septa  are  present  in  each  lateral  compartment. 

In  Cuvier  and  Valenciennes'  great  work  (8)  the  air-bladder  in  several  species  of 
Arius  is  said  to  be  provided  with  thick  extrinsic  muscles,  as,  for  example,  in  Arius 
ccelatus  and  A.  milherti.  The  latter  species  we  have  had  no  opportunity  of  dissecting, 
but  certainly  no  such  muscles  are  present  in  A.  ccelatus,  or  in  any  other  species  of  the 
genus  that  we  examined. 

If  Dr.  Taylor’s  account  (38)  of  the  air-bladder  of  Arius  gagora  be  correct,  this 
species  must  possess  a bladder  of  a very  different  type  from  any  that  we  have  met 
with  in  other  species  of  the  genus.  According  to  this  observer,  there  are  two  air- 
bladders,  one  on  each  side,  enclosed  in  an  osseous  cup  attached  by  a narrow  stalk  to 
the  body  of  the  “ first”  vertebra,  close  to  its  junction  with  the  cranium.  The  mouth 
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of  each  cup  is  said  to  be  covered  over  by  the  common  integument  which,  at  this  point, 
is  extremely  thin  and  adheres  to  the  surface  of  the  bladder,  presenting,  when  the 
latter  is  distended  with  air,  an  “ external  elastic  tumour  ” of  an  oval  figure.  The  two 
air-bladders,  which  have  no  communication  with  each  other,  or  with  the  alimentary 
canal,  apparently  derive  tbeir  supply  of  air  from  a vascular  tissue  placed  between  the 
two  cups  where  they  are  attached  to  the  spine.  The  external  coat  is  of  a thin  texture 
and  argentine  colour,  and  has  a layer  of  fine  adipose  tissue  interposed  between  it  and 
the  internal  surface  of  the  cup. 

This  description  is  so  different  from  anything  met  with  in  other  species  of  Arius 
that  we  are  not  at  all  surprised  at  Day’s  statement  (9,  p.  708)  that  the  air-bladder 
Taylor  examined  “ could  not  have  been  in  Arius  yagovaA  From  an 'examination  of 
an  example  of  this  species  taken  at  Mandalay,  in  Upper  Burniah,  Day  (Zoc.  c^^.)  gives 
the  following  description  of  its  air-bladder  : — “ Air-vessel  large  and  somewhat  heart- 
shaped,  with  a moderately  thick  external  fibrous  coat.  On  removing  its  front  wall 
a longitudinal  partition  becomes  apparent,  but  is  not  extended  to  its  anterior  portion. 
It  has  three  transverse  subdivisions  forming  it  into  five  cavities,  owing  to  the  longi- 
tudinal partition  commencing  at  the  first  transverse  subdivision.  These  lateral  cavities 
freely  communicate  with  one  another  on  the  same  side  and  with  the  opposite  ones  by 
means  of  the  anterior  chamber  which  does  not  possess  any  subdivision.”  From  this 
account  it  is  obvious  that  Taylor’s  description  cannot  apply  to  the  air-bladder  of  a 
genuine  Arius  gagora,  and,  further,  that  this  species  possesses  a perfectly  normal 
bladder,  subdivided  internally  by  a primary  transverse  and  a longitudinal  septum, 
and,  in  addition,  by  two  or  more  secondary  transverse  septa.  It  is  not  improbable 
that  the  species  examined  by  Taylor  was  really  Callomystax  gagata ; at  any  rate 
his  description  agrees  fairly  well  with  what  we  found  in  an  example  of  the  latter 
species.* 

According  to  Johannes  Muller  (28)  the  air-bladder  of  Bagrus  [Sciades)  emphy- 
setus  (Mull,  and  Trosch.)  (=  Arius  emphysetus^  Gunther)  is  very  long,  and  consists 
of  three  bladders  disposed  in  a longitudinal  series,  and  communicating  through  their 
connecting  constrictions. 

Ilemipimelodus  borneensis. 

In  almost  every  respect  the  skeleton  and  air-bladder  of  this  species  closely  conform 
to  the  Arioid  type  as  illustrated  by  Anus  pidada. 

The  walls  of  the  air-bladder  are  very  thick,  but  somewhat  thinner  in  the  antero- 
lateral and  lateral  regions  of  the  anterior  compartment  than  elsewhere.  The  primary 
transverse  septum  is  also  very  stout,  and  its  width  such  as  to  render  the  orifices 
whereby  the  lateral  and  anterior  chambers  intercommunicate  comparatively  small. 
Three  stout  secondary  transverse  septa  are  present  in  each  of  the  two  lateral 
chambers, 

* Soc  p.  171. 
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Day  (9)  briefly  refers  to  the  air-bladder  in  what  he  then  regarded  as  examples  of 
two  Indian  species  of  this  genus,  viz.,  H.  cenia,  Ham.  Buch.,  and  H.  viridescens, 
Ham.  Buch.,  in  the  following  terms: — “The  air-vessel  is  placed  transversely  across 
the  body  of  the  anterior  vertebra.  It  has  an  expanded  globular  portion  on  either  side 
enclosed  in  a bony  capsule,  and  with  a transverse  connecting  tube.”  This  account 
is  so  greatly  at  variance  with  what  we  found  in  H.  horneensis  that  we  were  not  sur- 
prised to  learn  that  Day  (‘Proc.  Zool.  Soc.,’  1876,  p.  794)  subsequently  admitted 
that  the  specimens  he  examined  were  species  of  Gagata  (=  Callomystax). 

Ketengus  typus. 

In  this  species  also  both  the  air-bladder  and  skeletal  modifications  are  very  similar 
to  those  of  Arius  pidada. 

Owing  to  the  prominence  of  the  sub-vertebral  keel,  and  the  extent  to  which  the 
parallel  ridges  from  the  anterior,  ventral,  and  posterior  walls  project  inwards,  the 
communication  between  the  lateral  halves  of  the  anterior  chamber  is  reduced  to  a 
relatively  small  and  somewhat  triangular  foramen.  Three  j^airs  of  secondary  trans- 
verse septa  sub-divide  the  cavities  of  the  two  lateral  compartments. 

A lateral  view  of  the  air-bladder  with  the  outer  wall  of  the  right  side  removed, 
showing  the  dorsal  ridge  formed  by  the  impression  of  the  subvertebral  keel  (sv.k.), 
the  parallel  ridges  (r.s.),  and  the  foramen  by  which  the  lateral  halves  of  the  anterior 
chamber  communicate  with  each  other,  is  represented  in  fig.  50.  In  the  same  figure 
the  primary  and  secondary  transverse  septa  are  also  seen  extending  between  the 
dorsal  and  ventral  walls  of  the  bladder  {t.s.,  t.s.').  The  lettering,  a.p.  and  p.p.  indi- 
cates the  anterior  and  posterior  pillars  of  the  anterior  chamber. 

yElurich  thys  longispinis. 

This  Mexican  Siluroid  also  bears  a strong  resemblance  to  Arius  pidada.  The 
walls  of  the  air-bladder,  however,  are  much  thicker,  and  the  dorso-lateral  regions  of 
the  lateral  compartments  are  strengthened  internally  by  numerous  column-like  aggre- 
gations of  vertically  arranged  fibres,  separated  by  narrow  slits,  Avhich  become  less 
marked  and  finally  disappear  towards  the  anterior  chamber. 

uElurichtliys  Gronovii. 

Under  the  name  of  Galeichthys  Gronovii,  Cuviee  and  Valenciennes  (8)  briefly 
refer  to  the  air-bladder  of  this  species.  The  organ  is  said  to  be  heart-shaped,  broader 
in  front  than  behind,  emarginate  anteriorly,  and  somewhat  flattened. 

These  writers  also  describe  the  bladder  as  possessing  certain  extrinsic  muscles. 
'I’wo  long,  straight  muscles  are  said  to  be  connected  with  its  dorsal  surface,  while  its 
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ventral  surface  may  be  compressed  by  the  contraction  of  two  oblique  muscles.  If 
Cuv^iER  and  Valenciennes  are  correct  in  their  description,  the  two  oblique  muscles 
may  possibly  correspond  to  the  large  compressor  muscles  which  we  have  already 
described  in  the  genera  Platy stoma,  Piinelodus,  and  Piramutana.  We  have  had  no 
opportunity  of  examining  this  particular  species,  but  we  may  safely  assert  that  no 
such  muscles,  either  dorsal  or  ventral,  are  present  in  PE.  longispinis. 


Batrachocephalus  mino. 

In  no  essential  feature  is  there  any  difference  between  the  air-bladder  and  skeleton 
of  this  species  and  those  of  Anus  pidada. 

Relatively  to  the  size  of  the  body  the  air-bladder  is  rather  large,  and  this  is 
noticeably  the  case  with  the  anterior  chamber,  which  is  both  long  and  deep.  Its 
walls  are  comparatively  thin,  and  anteriorly  are  in  close  and  extensive  contact  with 
large  lateral  cutaneous  areas.  Three  pairs  of  secondary  transverse  septa  incompletely 
subdivide  the  cavities  of  the  two  lateral  compartments. 

The  general  structure  of  the  organ  is  represented  in  fig.  52,  including  the  dispo- 
sition and  skeletal  attachments  of  the  principal  sheets  of  fibres  in  the  walls  of  the 
anterior  chamber.  In  the  left  half  of  the  compartment  the  arrangement  of  the  fibres 
of  the  inner  stratum  of  the  tunica  externa  [in.st.)  may  be  seen  ; on  the  right  side 
the  inner  stratum  has  been  removed  so  as  to  show  the  characteristic  attachment  of 
the  outer  stratum  of  the  anterior  wall  {o.st.)  to  the  transverse  process  of  the  fourth 
vertebra  and  the  curvilinear  disposition  of  the  fibres  of  the  same  stratum  in 

the  lateral  wall,  and  also  their  convergence  in  the  dorsal  wall  in  the  form  of  a 
triangular  sheet  {o.st.')  to  their  insertion  into  the  crescentic  process  of  the  tripus. 


Osteogeniosus  Valenciennesii. 

In  most  of  its  osteological  details  this  species'"'  is  almost  identical  with  Arius 
pidada. 

The  air-bladder  (fig.  51)  is  conical  in  outline,  with  a broad  anterior,  and  a somewhat 
oval  posterior,  extremity.  The  anterior  wall  is  rendered  deeply  emarginate  in  the 
median  line  by  the  impression  of  the  sub  vertebral  process  {sv.g.)  to  which  it  is 
somewhat  firmly  attached  by  fibrous  tissue.  Internally  the  bladder  is  subdivided 
into  anterior  (a.c.)  and  lateral  compartments  (Z.c.)  by  the  usual  transverse  (t.s.)  and 
longitudinal  (^.s.)  septa.  The  transverse  septum  has  the  normal  attachment  to  the 
skeleton  along  its  contracted  dorsal  edge,  but  towards  the  ventral  margin  widens 
considerably,  and  laterally  is  directly  continuous  with  the  ventral  wall  of  the  bladder ; 

* The  only  reference  to  the  air-bladder  of  this  Indian  Siluroid  that  we  are  acquainted  with,  is  by 
Day  (9).  He  says,  “ In  a specimen  from  Moulmeiu,  taken  in  the  river,  the  air-vessel  was  large,  heart- 
shaped,  having  an  internal  longitudinal  septum,  and  not  enclosed  in  bone.” 
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mesiallv,  however,  the  septum  becomes  inclined  obliquely  forwards,  and  at  the  same 
time  gradually  narrows  so  as  to  form  a thick  triangular  band  of  fibres,  which  extends 
as  far  forwards  as  the  middle  of  the  ventral  wall  of  the  anterior  chamber,  and  finally 
becomes  continuous  therewith  at  its  apex,  as  well  as  along  its  converging  lateral 
margins.  The  two  lateral  compartments  are  continued  forwards  to  the  inclined 
median  portion  of  the  septum  as  far  as  the  middle  of  the  floor  of  the  anterior  chamber, 
in  the  form  of  two  gradually  contracting  cavities,  but  remain  separated  from  each 
other  b}’-  a corresponding  extension  of  the  longitudinal  septum  along  the  posterior 
face  of  the  inclined  septum.  Hence,  as  in  some  species  of  Arms,  the  anterior 
chamber  is  partially  overlajiped  on  its  ventral  side  by  the  anterior  extremities  of 
both  lateral  compartments.  A single,  but  extremely  stout,  secondary  transverse 
septum  (t.s/)  incompletely  subdivides  the  cavity  of  each  lateral  chamber. 

The  lateral  and  posterior  margins  of  the  bladder  are  curiously  compressed,  and 
form,  as  it  were,  a solid  flattened  rim  with  a crenulated  outline,  partially  encircling 
the  organ.  With  the  exception  of  the  anterior  wall,  the  walls  of  the  bladder  are, 
])erhaps,  thicker  than  in  any  other  normal  Siluroid,  and  so  densely  are  their  com- 
ponent fibres  interlaced  and  matted  together,  that  it  is  only  in  the  dorsal  wall,  and, 
to  a sliofht  extent  in  the  lateral  walls  of  the  anterior  chamber,  from  whence  the  fibres 
which  are  ultimately  inserted  into  the  tripodes  are  derived,  that  any  definite  arrange- 
ment of  them  can  be  made  out.  The  outer  walls  of  both  the  anterior  and  lateral 
compartments  are  also  greatly  thickened  internally  by  the  aggregation  of  the  fibres 
composing  the  inner  stratum  of  the  tunica  externa  into  stout,  vertically-arranged 
bundles,  separated  from  one  another  b}"  intervening  slit-like  sacculi.  By  the 
formation  of  these  bundles  internally,  and  the  compression  of  the  peripheral  margins 
of  the  bladder,  the  lateral  walls  attain  a thickness  of  nearly  4 ’5  mm.  The  secondary 
transverse  septa,  and  the  posterior  face  of  the  primary  transverse  septum,  are 
thickened  at  their  dorsal  and  ventral  margins  into  ramifying  root-like  bundles  of 
fibres,  which  fray  out  into  the  dorsal  and  ventral  walls  of  the  bladder,  and  finally 
blend  therewith. 

Relatively  to  the  size  of  the  fish,  the  apparent  size  of  the  air-bladder,  when  seen 
externally,  is  not  less  than  in  the  various  species  of  Arius,  but  the  actual  capacity  of 
the  internal  cavities,  and  especially  of  the  lateral  compartments,  is  really  very  much 
smaller.  This  is  partly  due  to  the  extraordinary  thickness  of  its  walls,  and  to  the 
stoutness  of  the  different  internal  septa,  but  also  in  a great  measure  to  the  flattened 
condition  of  the  entire  organ. 

The  comparatively  small  anterior  chamber  has  its  antero-lateral  angles  prolonged 
outwards  into  two  small  csecal  diverticula,  which  curve  inwards  in  front  of,  and  in 
contact  with,  the  adjacent  portion  of  the  anterior  wall.  Each  caecum  (al.c.)  is 
deeply  sacculated  along  its  anterior  margin ; but  otherwise  its  cavity  is  simple  and 
undivided,  and  freely  communicates  with  that  of  the  anterior  chamber. 

The  skeletal  relations  and  attachments  of  the  walls  of  the  anterior  chamber,  as 
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well  as  the  structure  of  the  triangular  sheets  of  the  dorsal  wall  and  their  mode  of 
connection  with  the  crescentic  processes  of  the  tripodes,  are  substantially  the  same  as 
in  Arius  pidada  and  its  allies,  and  this  resemblance  extends  also  to  the  condition  of 
the  Weberian  ossicles. 

Lateral  cutaneous  areas  {l.c.a.)  are  formed  by  the  divergence  of  the  dorso-lateral 
and  ventro-lateral  muscles  of  the  trunk,  but  a considerable  amount  of  fatty  tissue 
separates  them  from  actual  contact  with  the  adjacent  lateral  walls  of  the  anterior 
chamber  of  the  air-bladder. 

Osteogeniosus  macrocephcdus  and  0.  militaris. 

These  species  require  no  special  notice.  In  each  case  the  air-bladder  is  almost 
identical  in  structure  with  that  of  the  preceding  species. 


Group  : — Baoarixa. 

Bagarius  Yarrellii. 

In  Bagarius  we  again  meet  with  an  example  of  the  effects  of  degeneration  in 
retrogressively  modifying  the  structure  of  the  air-bladder. 

Cuvier  and  Valenciennes  (8)  denied  the  presence  of  an  air-bladder  in  Bagarius, 
but  as  far  back  as  1831,  Taylor  (38)  had  previously  affirmed  its  existence  in  the 
form  of  two  small  sacs  having  no  communication  with  each  other  or  with  the 
alimentary  canal,  and  so  small  that  each  sac  in  a Fish  weighing  ten  pounds  was  not 
larger  than  an  ordinary  garden  pea.  By  the  same  observer  it  was  also  stated  that 
the  two  sacs  were  situated  one  on  each  side  of  the  body  in  a deep  groove  or  furrow 
formed  by  the  consolidated  transverse  processes  of  the  cervical  vertebrse,  at  about  an 
equal  distance  from  the  common  integument  and  the  vertebral  column,  and 
immediately  behind  the  pectoral  fin.  Taylor’s  account  was  subsequently  confirmed 
by  Day  (9)  in  the  following  terms : — “ Air-vessel  small,  consisting  of  two  rounded 
portions  situated  on  either  side  of  the  bodies  of  the  anterior  vertebrse,  and  partially 
enclosed  in  bone.” 

In  the  structure  of  the  air-bladder  and  the  nature  of  the  correlated  skeletal 
modifications  Bagarius  bears  a strong  resemblance  to  Akysis  and  Acrochordonichthys, 
but  more  particularly  perhaps  to  Glyptosternum,  of  which  an  account  will  subsequently 
be  given. 

Mainly  owing  to  the  massive  growth  of  the  superficial  ossifications  the  centra  of 
the  complex  and  fifth  vertebrae  are  firmly  anchylosed  to  each  other,  and  to  the  skull 
(fig.  53).  The  centrum  of  the  first  vertebra  is  not  only  very  small,  but  so  completely 
is  it  enclosed  within  tlie  contiguous  concavities  of  the  basioccipital  and  complex 
centrum,  that  no  external  indications  of  its  existence  can  be  detected.  The  centrum 
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of  the  complex  vertebra  (fig.  53,  c.c.)  is  very  long,  and  its  deep  and  almost  equal 
anterior  and  posterior  concavities  nearly  meet  in  the  centre  of  the  bone.  The  fifth 
vertebral  centrum  (v.^)  is  much  smaller,  and  although  somewhat  larger  than  the 
normal  centra  that  follow  it,  otherwise  resembles  it.  The  sixth  vertebra  (v.^)  is 
quite  free. 

The  neural  spines  of  the  third  and  fourth  vertebrae  are  confluent  and  together 
form  a thin,  high,  compressed  plate  of  bone  which  is  not  cleft  or  in  any  other  way 
modified  for  the  support  of  the  interspinous  bones  of  the  dorsal  fin.  The  spinous 
process  of  the  fifth  vertebra  is  quite  distinct  from  the  foregoing,  and  deeply  cleft. 
The  neural  arches  of  the  complex  and  fifth  vertebrae  are  completely  anchylosed 
together,  but  remain  distinct  from  the  ai’ch  of  the  sixth.  Three  nutrient  foramina 
are  visible  on  the  ventral  surface  of  the  complex  centrum,  two  of  which  form  a pair, 
and  belong  to  the  third  vertebra,  while  the  other  is  posterior  to  the  former  and 
median  in  position,  and  may  therefore  be  regarded  as  belonging  to  the  fourth  vertebra. 

The  transverse  processes  of  the  fourth  vertebra  are  curiously  modified,  each  being 
greatly  expanded  and  having,  except  at  its  thick  flat  root,  the  anterior  margin 
curved  downwards  and  slightly  backwards  towards  the  posterior  margin,  which 
also  curves  slightly  downwards  to  meet  it  In  this  way  the  transverse 

processes  form  on  each  side  a spout-  like  protuberance  from  the  side  of  the  complex 
vertebra,  enclosing  a cavity  or  recess' which  has  complete  bony  walls  in  front,  behind, 
and  above,  but  is  widely  open  towards  the  ventral  surface.  The  anterior  wall  of  each 
recess  abruptly  ceases  at  the  flat  root  of  the  transverse  process,  and  between  its  free 
inner  margin  and  the  lateral  surface  of  the  complex  centrum  there  is  a deep  cleft, 
through  which  the  tripus  passes  from  its  connection  with  the  scaphium  anteriorly  to 
the  air-bladder  posteriorly.  At  the  distal  extremity  of  the  process  the  anterior 
margin  curves  backwards  towards  the  posterior  margin  to  a somewhat  greater  extent 
than  elsewhere,  and  slightly  narrows  the  distal  opening  of  the  enclosed  recess.  The 
recess  itself  is  somewhat  oval  in  shape,  being  more  expanded  in  the  centre  than  it  is 
distally  or'  proximally.  The  anterior  and  posterior  walls  are  fairly  thick,  but  the 
dorsal  wall  thins  away  over  a sharply-defined  concave  oval  area,  and  consequently 
becomes  adapted  to  the  convex  dorsal  wall  of  the  contained  air-sac.  The  anterior  lip 
of  the  distal  aperture  of  the  recess  is  marked  by  a roughened  concave  surface,  which 
becomes  applied  to  the  stem  of  the  post-temporal  in  such  a way  as  to  form,  ia  con- 
junction with  the  latter,  an  articular  socket  for  the  proximal  extremity  of  the  clavicle. 
The  transverse  process  of  the  fifth  vertebra  is  very  strongly  developed,  with  a 

pointed  free  distal  extremity  and  an  expanded  root,  the  anterior  margin  of  which  is 
partially  confluent  with  the  decurved  posterior  margin  of  its  spout-like  predecessor ; 
the  process  also  helps  to  deepen  posteriorly  the  recess  in  which  each  lateral  air-sac  is 
lodged.  The  two  foramina  visible  on  the  ventral  surface  of  the  process  transmit  the 
rami  ventrales  of  the  fifth  and  sixth  spinal  nerves  (6y;.n.“,  sp.n,'^). 

Without  forming  an  aortic  canal,  or  even  more  than  the  merest  trace  of  a groove 
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for  the  dorsal  aorta,  the  superficial  ossifications  invest  and  considerably  thicken  the 
lateral  surfaces  of  the  complex  and  fifth  vertebral  centra,  and,  probably  as  the  result 
of  a further  extension  of  ossification  into  the  dorsal  portion  of  the  aponeurotic 
membrane,  extend  even  on  to  the  lateral  and  ventral  surfaces  of  the  basioccipital, 
completely  obscuring  all  external  indication  of  the  body  of  the  first  vertebra,  and  at 
the  same  time  leading  to  the  complete  anchylosis  of  the  base  of  the  skull  with  the 
anterior  vertebral  centra.  Faint  traces  of  the  intervertebral  sutures  between  the 
centra  of  the  complex  and  fifth  vertebrae,  and  between  the  former  and  the  basioccipital, 
may,  however,  be  seen  on  the  ventral  surface  (fig.  53).  On  each  of  the  lateral  surfaces 
of  the  complex  centrum  the  superficial  ossification  is  thickened  into  two  longitudinal 
and  parallel  ridges,  one  lying  dorsad  to  the  other  with  a groove  between  them.  The 
ventral  ridge  coincides  with  the  ventro-lateral  margin  of  the  centrum,  and  is  shorter 
than  the  dorsal  ridge.  Opposite  the  root  of  the  spout-like  transverse  process  the 
ventral  ridge  is  produced  outwards  into  a slender,  triangularly-shaped,  ventral  process, 
the  pointed  apex  of  which  is  inserted  into  a thin,  but  tough,  fibrous  membrane 
investing  the  ventral  wall  of  the  lateral  air-sac  of  its  side  (v.p.).  The  dorsal  ridge 
{d.7\)  appears  to  commence  as  a prolongation  of  the  anterior  margin  of  the  transverse 
process  of  the  fifth  vertebra,  and  from  thence  is  continued  somewhat  obliquely  inwards 
and  forwards  along  the  side  of  the  complex  centrum,  immediately  beneath  the  root  of 
the  modified  transverse  process  and  dorsad  to  the  ventral  ridge,  as  far  as  the  basi- 
occipital, where  it  finally  dies  away  beneath  the  lower  lip  of  the  external  atrial 
aperture.  The  groove  between  the  two  ridges,  w^hich  is  much  better  marked  on  the 
right  than  on  the  left  side,  probably  transmits  the  posterior  cardinal  vein  and  the 
paired  anterior  lobes  of  the  mesonephros.  A third  ridge  is  formed  by  a thin  prolon- 
gation of  the  anterior  margin  of  the  root  of  the  modified  transverse  process,  along  the 
lower  border  of  the  forwardly-inclined  neural  arch  of  the  third  vertebra,  as  far  as  the 
upper  lip  of  the  external  atrial  aperture.  Where  this  ridge  and  the  dorsal  ridge 
overlap,  the  former  is  dorsad  to  the  latter,  and  in  a narrow  slit-like  groove  between 
the  two  the  anterior  process  of  the  tripus  (tr.a.)  passes  forwards  to  its  attachment  to 
the  scaphium  anteriorly.  The  external  atrial  aperture  is  situated  at  the  anterior 
extremity  of  this  groove,  and  near  its  hinder  end  the  groove  deepens  into  a pit,  at 
the  bottom  of  which  the  articular  process  of  the  tripus  articulates  with  the  lateral 
, surface  of  the  anterior  third  of  the  complex  ceotrum  ; posteriorly,  the  groove  opens 
into  the  recess  enclosed  by  the  spout-like  transverse  process. 

We  were  unable  to  identify  with  certainty  the  usual  oblique  ridges  on  the  sides  of 
the  complex  centrum,  or  dorsal  laminae,  neither  could  we  detect  any  radial  nodules. 
It  may  not  improbably  be  the  case,  however,  that  the  well-marked  ridge  (dorsal  ridge) 
which  leaves  the  ventral  surface  of  each  of  the  transverse  processes  of  the  fifth 
vertebra,  and  extends  obliquely  forwards  and  inwards  along  the  adjacent  lateral 
surface  of  the  complex  centrum,  may  represent  both  the  lateral  ridge  and  dorsal 
lamina  of  other  and  more  normal  Siluridae  ; but  if  this  be  so,  it  is  somewhat 
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surprising  that  these  structures  should  be  so  well  developed  when  the  diminutive  and 
rudimentary  condition  of  the  air-bladder  is  taken  into  consideration.  It  must  be 
admitted,  however,  that  our  suggestion  receives  some  support  from  the  fact  that  in 
the  allied  genus  Glyptosternum,  where  a definitely  recognisable  dorsal  lamina  is 
present,  there  is  no  trace  of  the  dorsal  ridge. 

The  post-temporal'"*  has  its  ascending  process  and  stem  somewhat  expanded,  but 
the  inferior  limb  (pt.i.)  is  an  extremely  slender  process,  which,  after  leaving  the  stem, 
is  firmly  applied  if  not  actually  anchylosed  to  the  distal  extremity  of  the  transverse 
process  of  the  fourth  vertebra,  but  nevertheless  becomes  detached  therefrom  as  it 
passes  inwards,  and  eventually  fuses  with  the  anterior  end  of  the  dorsal  ridge  on  the 
lateral  surface  of  the  basioccipital.  The  socket  for  the  clavicle  is  in  part  formed  by  a 
deep  groove  in  the  post-temporal  at  the  junction  of  the  stem  with  the  inferior  limb, 
and  in  part  by  the  distal  extremity  of  the  modified  transverse  process  which  converts 
the  groove  into  a tubular  socket. 

The  air-bladder  is  represented  by  two  thin- walled  oval  sacs,  which  occupy  the 
bony  recesses  formed  by  the  spout-like  transverse  processes  of  the  fourth  vertebra 
(fig.  53,  a.s.).  In  proportion  to  the  bulk  of  the  Fish  the  size  of  the  air-bladder  is 
extremely  insignificant,  and  it  is  evident  that  beyond  a certain  period,  which  is 
probably  reached  at  a very  early  stage,  the  bladder  does  not  increase  in  size  with  the 
growth  of  its  possessor.  In  our  specimen  a very  immature  Fish,  of  not  more  than 
6 inches  in  length,  and  probably  weighing  less  than  3 ounces  even  when  fresh,  each 
air-sac  was  about  4 mm.  long  and  3 ‘5  mm.  wide,  that  is  to  say,  about  the  size  of  an 
ordinary  garden  pea,  which,  according  to  Taylor  (38),  was  also  the  size  of  an  air-sac 
in  a specimen  weighing  10  pounds.  We  could  discover  no  trace  of  any  communication 
between  the  two  sacs,  or  of  lateral  compartments,  or  of  the  existence  of  a ductus 
pneumaticus.  The  ventral  surface  of  each  sac  is  invested  by  a thin  but  tough  fibrous 
membrane,  which  stretches  between  and  is  firmly  attached  to  the  decurved  anterior 
and  posterior  margins  of  the  modified  transverse  process,  and  would  seem  also  to 
extend  from  one  sac  to  the  other  across  the  ventral  surface  of  the  complex  centrum. 
The  distal  openings  of  the  bony  recesses  are  closed  by  their  respective  lateral 
cutaneous  areas,  but  the  outer  wall  of  each  air-sac  is  separated  from  the  latter  by  a 
certain  quantity  of  fatty  tissue,  as  well  as  by  a portion  of  the  lateral  lobe  of  the  liver. 
As  in  other  Siluridse,  the  w'alls  of  the  air-bladder  are  firmly  attached  to  the  contiguous 
skeletal  elements  at  certain  points.  The  posterior  wall  of  each  air-sac  blends  with  the 
investing  fibrous  membrane,  which  we  must  identify  as  the  ventral  portion  of  the 
superficial  coat  of  the  air-bladder,  and  the  two  are  dorsally  attached  to  the  anterior 
margin  of  the  transverse  process  of  the  fifth  vertebra,  and  also  to  the  posterior 
portion  of  the  dorsal  ridge  as  the  latter  passes  on  to  the  side  of  the  complex  centrum, 
much  in  the  same  way  that  the  lateral  portions  of  the  posterior  wall  (i.e.,  the  primary 
transverse  septum)  of  a normal  anterior  chamber  are  inserted  into  the  dorsal  lamina 

* In  fig.  53  only  the  inferior  limb  is  represented,  the  remainder  of  the  bone  having  been  removed. 
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— a fact  which  supports  our  suggestion  that  this  ridge  is  in  part  the  equivalent  of  the 
dorsal  lamina  in  other  Siluridae.  In  a precisely  similar  manner  the  anterior  wall  is 
firmly  adherent  to  the  decurved  anterior  margin  of  the  transverse  process  of  the 
fourth  vertebra.  The  inner  wall  of  the  air-sac  is  also  attached  to  the  dorsal  ridge, 
where  the  latter  traverses  the  side  of  the  complex  centrum.  The  only  other  point 
at  which  each  air-sac  is  attached  to  a rigid  portion  of  the  skeleton  is  about  the  centre 
of  its  ventral  wall,  where  the  latter  blends  with  its  investing  superficial  coat,  and 
both  become  firmly  attached  to  the  triangular  outgrowth  from  the  ventral  ridge. 

The  straight  posterior  process  of  the  tripus  lies  near  the  inner  extremity  of  each 
air-sac  in  relation  with  the  imperfect  dorsal  wall  of  the  latter,  but  we  were  only  able 
to  detect  a few  fine-scattered  fibres  extending  from  the  outer  margin  of  the  process 
obliquely  outwards  and  forwards  towards  the  antero-lateral  and  anterior  walls  of  the 
sac.  These  fibres  appear  to  be  all  that  represent  the  thick  triangular  sheet  of  fibres 
which  is  so  characteristic  of  each  half  of  the  dorsal  wall  of  a normally  developed 
anterior  chamber,  and  are  practically  confined  to  rather  less  than  the  anterior  half  of 
the  dorsal  wall  of  the  sac.  In  the  posterior  half  of  the  dorsal  wall  we  could  detect 
only  a thin  stratum  of  connective  tissue,  which  probably  belongs  to  the  tunica  interna, 
although  we  could  not  with  certainty  detect  any  epithelium  on  its  inner  surface.  No 
radial  fibres  could  be  made  out. 

The  tripus  (fig.  54,  tr.),  is  a simple  triradiate  ossicle,  with  a long  anterior  process 
(tr.  a.),  which  is  connected  with  the  scaphium  by  a relatively  short  interossicular 
ligament,  a tapering  articular  process  [tr.  cir.),  and  a posterior  division  (tr.  c.)  which 
remains  in  a straight  line  with  the  anterior  process,  and  tapers  to  a point  at  its  hinder 
extremity  without  describing  the  normal  crescentic  curvature.  The  scaphium  has  no 
ascending  process,  but  its  horizontal  spatulate  portion  terminates  posteriorly  in  a 
spherical  condyle.  The  intercalarium  is  a very  small  nodule  of  bone  imbedded  in 
the  interossicular  ligament.  Claustra  seem  to  be  entirely  absent. 

The  cavum  sinus  imparis  and  the  atrial  cavities  are  extremely  small,  but  other- 
wise normal.  We  had  no  difficulty  in  detecting  a transverse  ductus  endolymphaticus, 
but  a most  careful  examination  failed  to  reveal  any  trace  of  a sinus  endolymphaticus. 

Glyptosternum  platypogon. 

Under  the  name  of  Pimelodus  platypogon,  Cuvier  and  Valenciennes  (8)  describe 
this  Siluroid  as  being  devoid  of  an  air-bladder.  In  a paper  published  in  the  Lin- 
nean  Society’s  ‘ Journal,’ vol.  13,  Day,  in  referring  to  Glyptosternum  telchitta  remarks, 
“I  cannot  detect  any  air-vessel  in  this  species.”  In  1871  (‘ Proc.  Zool.  Soc.  Lon.,’  p. 
289),  Day  corrected  his  previous  statement,  and  in  again  referring  to  the  same  species 
tersely  describes  the  air-bladder  as  consisting  of  “two  rounded  lateral  portions,  very 
thin,  and  entirely  enclosed  by  bone.”  In  a later  paper  in  the  same  year  (‘Proc. 
Zool.  Soc.,’  1871,  p.  714),  he  again  refers  in  equally  brief  terms  to  Glyptosternum  as 
having  “ an  air-vessel  in  two  rounded  lateral  portions,  and  enclosed  in  bony  capsules,” 
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but  in  neitiier  instance  does  he  give  any  precise  or  detailed  account  of  the  organ.  Of 
the  general  accuracy  of  Day’s  brief  description  there  can  be  no  doubt,  inasmuch  as 
Glyptosternum  affords  a further  illustration  of  the  type  of  rudimentary  air-bladder  to 
which  we  have  already  directed  attention  in  our  account  of  Akysis,  Acrochordonichthys, 
and  Bagarius,  but  as  regards  the  extent  to  which  the  diminutive  air-bladder  is 
incapsuled  by  bone,  his  account  does  not  accurately  apply  to  G.  platypogon,  which  is 
the  particular  species  we  have  examined,  and  the  one  in  which  Cuvier  and  Valen- 
ciennes denied  its  existence. 

Of  the  various  abnormal  genera  that  so  far  have  come  under  our  notice,  Glypto- 
ste7'num  most  nearly  resembles  Bagarius  in  the  structure  of  the  air-bladder,  and  the 
condition  of  the  modified  anterior  vertebrm.  The  body  of  the  first  vertebra  is,  how- 
ever, somewhat  better  developed,  but,  although  clearly  visible  on  the  ventral  surface, 
it  is  almost  completely  excluded  from  forming  any  portion  of  the  floor  of  the  neural 
canal  by  the  apposition  of  the  dorsal  edge  of  the  basioccipital  and  the  corresponding 
margin  of  the  complex  centrum  (fig.  55,  v.').  The  first,  the  complex,  and  the  fifth 
vertebrae  (v.^,  c.c.,  and  v})  are  rigidl}''  united  to  one  another  and  with  the  skull,  but  the 
union  is  entirely  due  to  the  character  of  the  persistent  sutural  articulation  of  the 
different  cranial  or  vertebral  elements  and  not  to  their  anchylosis,  or  to  the  growth  of 
continuous  superficial  ossifications.  The  intervertebral  sutures  between  the  centra 
are  clearly  seen  on  the  ventral  and  lateral  surfaces,  as  also  is  the  suture  between  the 
neural  arches  of  the  complex  and  fifth  vertebrae  on  the  lateral  aspect.  The  body  of 
the  complex  vertebra  (c.c.)  is  much  larger  than  that  of  the  fifth  vertebra  {v}),  and  in 
each  case  the  anterior  and  posterior  concavities  are  about  equal  in  depth.  The  sixth 
vertebra  (v.®)  is  quite  free,  being  movably  articulated  with  the  foregoing. 

The  confluent  spines  of  the  third  and  forth  vertebrae  together  form  a thin,  triangular 
lamina  of  bone,  with  sloping  anterior  and  posterior  margins,  and  a pointed  distal 
extremity  (fig.  5G,  u-s}  and  n.s.'^).  The  anterior  margin  and  distal  end  of  the  lamina 
are  suturally  united  to  a thin  vertical  plate  of  bone  which  grows  downwards  from  the 
longl  backwardly  directed  supraoccipital  spine  (so.').  The  spine  of  the  fifth  vertebra 
(ii.s.^)  is  unusually  stout,  and,  moreover,  is  cleft  distally  into  two  processes,  which  are 
flattened  on  their  opposed  faces,  and  bent  slightly  outwards  for  the  support  of  the 
anterior  interspinous  bones  of  the  dorsal  fin. 

Each  of  the  transverse  processes  of  the  fourth  vertebra  is  greatly  expanded,  and 
also  tilted  slightly  upwards  from  its  root  outwards  (figs.  55  and  5G,  tp.^).  The  root 
of  the  process  is  thick  and  flat,  but  for  the  distal  two-thirds  of  its  extent  the  process 
is  comparatively  thin,  with  its  anterior  and  posterior  margins  curved  downwards, 
whereby  it  becomes  modified  to  form  the  roof  and  side  walls  of  a transversely-disposed 
bony  semicylinder,  the  cavity  of  which  is  open  distally  as  well  as  proximally  in  the 
dry  skeleton.  The  anterior  margin  not  only  curves  downwards,  but  also  a little 
backwards  ; the  posterior  margin  is  also  decurved,  but  to  a somewhat  less  extent  than 
the  former,  and,  with  its  distal  extremity,  which  is  prolonged  outwards  into  a slender 
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pointed  process,  is  firmly  united  by  suture  to  the  anterior  margin  of  the  transverse 
process  of  the  fifth  vertebra.  Proximally,  as  well  as  distally,  the  anterior  and  posterior 
walls  of  the  bony  semicylinder  contract  somewhat,  and  hence  the  enclosed  recess 
becomes  oval  in  shape  in  accordance  with  the  contour  of  the  contained  air-sac.  As  in 
Bagarius  the  roof  of  the  recess  becomes  so  thin  over  a well-defined  oval  area  as  to  be 
almost  transparent.  Two  small  foramma  perforate  the  thick  flat  root  of  the  process, 
and  serve  for  the  transmission  of  the  rami  ventrales  of  the  fourth  and  fifth  spinal 
nerves  (fig.  55,  sp.n.^,  sp.n}).  The  transverse  process  of  the  fifth  vertebra  (figs.  55 
and  56,  tp.^)  is  unusually  long  and  stout,  with  a free  distal  extremity,  which  is 
slightly  recurved,  and  an  anterior  margin  suturally  articulated  with  the  posterior 
margin  of  tire  preceding  process.  The  origin  of  the  process  from  the  centrum,  instead 
of  from  the  neural  arch  like  its  predecessor,  causes  it  to  occupy  a slightly  more  ventral 
position  ; and,  although  not  actually  in  contact  with  the  air-bladder,  it  nevertheless 
helps  to  deepen  the  recess  in  which  that  organ  is  lodged.  Its  root  is  perforated  for 
the  passage  of  the  ventral  division  of  the  sixth  spinal  nerve  (fig.  55,  sp.n.^). 

The  superficial  ossifications  are  but  feebly  developed  in  Glyptosternum.  Tlie  sides 
of  the  centra  of  the  first,  the  complex,  and  the  fifth  vertebrae  are  apparently  somewhat 
thickened  by  superficial  ossified  deposit,  but  not  continuously  so,  inasmuch  as  the  inter- 
vertebral sutures  are  very  evident,  both  on  the  lateral  and  ventral  surfaces,  and  there 
is  absolutely  no  trace  of  an  aortic  groove  (fig.  55).  On  each  of  the  ventro -lateral 
margins  of  the  complex  centrum  there  is  a well-marked  ventral  ridge,  and  from  this 
ridge,  as  in  Bagarius,  a thin,  slender  ventral  process  extends  horizontally  outwards 
to  a point  a little  beyond,  and  ventrad  to,  the  commencement  of  the  oval  recess 
enclosed  by  the  modified  transverse  process  of  the  fourth  vertebra,  and  there  termi- 
nates in  a flattened  and  slightly  expanded  extremity  (fig.  55,  v.p.).  At  the  junction 
of  the  flat  root  of  the  transverse  process,  with  its  more  cylindrical  distal  portion,  a 
slender  spicule  of  bone  id.l.)  grows  downwards,  and  at  its  ventral  extremity  beccnnes 
firmly  applied,  if  not  actually  anchylosed,  to  the  dorsal  or  inner  surface  of  the  distal 
end  of  the  ventral  process.  When  the  two  processes  meet,  the  vertical  process  gives 
off  a slender  prolongation,  which  passes  horizontally  forwards  and  a little  downwards 
to  articulate  with  a projection  furnished  by  the  frfee  inner  extremity  of  the  decurved 
anterior  margin  of  the  transverse  process  (see  left  side  in  fig.  55,  also  in  fig.  57).  We 
have  no  difficulty  in  identifying  the  horizontally-disposed  ventral  process  of  Glypto- 
sternum  with  the  similarly  situated  process  of  Bagarius,  and  it  is  equally  evident 
that  the  vertical  process  which  meets  its  distal  extremity  is  the  equivalent  of  the 
dorsal  lamina  of  other  Siluroids.  That  the  dorsal  lamina  in  Glyptosternum  does  not 
reach  the  complex  centrum  is  certainly  peculiar,  but  it  may  be  noted  that  its  vertical 
and  horizontal  processes  retain  their  normal  relations  to  the  posterior  cardinal  vein 
and  the  mesonephros,  in  that  the  latter  structures  pass  between  the  former  and 
the  h teral  surface  of  the  complex  centrum.  The  failure  of  the  dorsal  lamina  to  reach 
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the  complex  centrum  is  exactly  paralleled  by  a precisely  similar  arrangement  in  some 
other  abnormal  Sikiroids  {e.g.,  Clarias). 

The  ascending  process  of  the  post-temporal  (figs.  56  and  57,  pt.a.)  forms  an 
expanded  plate  at  each  of  the  postero-lateral  angles  of  the  skull,  articulating  with 
the  pterotic  in  front,  and  above  with  the  epiotic  and  supraoccipital ; the  stem  of  the 
post-temporal  slightly  overlaps  the  anterior  lip  of  the  distal  aperture  of  the  bony 
semicylinder,  and  is  further  continued  as  a tubular  prolongation  containing  the 
lateral  line  canal  along  the  upper  or  dorsal  lip.  From  the  stem  the  inferior  limb  o 
the  bone  (figs.  55  and  57,  'pt.i.)  extends  inwards,  at  first,  in  contact  with  the  anterior 
wall  of  the  semicylinder,  but,  subsequently,  separating  therefrom,  passes  obliquely 
forwards  to  articulate  with  a lateral  projection  on  the  surface  of  the  basioccipital. 
At  the  junction  of  the  inferior  limb  with  the  stem,  there  is  a deep  groove  which 
is  almost  completely  closed  behind  by  the  distal  extremity  of  the  tubular  transverse 
process,  and  converted  into  a socket  for  the  clavicle  (fig.  55).  In  a somewhat  oblique 
lateral  view  of  the  hinder  part  of  the  skull  and  the  modified  anterior  vertebrae 
(fig.  56),  the  relations  of  these  structures  to  one  another  are  clearly  shown,  including 
the  formation  of  the  posterior  face  of  the  skull  by  the  supraoccipital,  exoccipital,  and 
epiotic  bones  ; the  convex  dorsal  surface  of  the  tubular  transverse  process,  and  its 
close  contiguity  to  the  skull  ; as  well  as  the  extension  of  the  stem  of  the  post- 
temporal backwards  to  strengthen  the  anterior  and  dorsal  margins  of  the  distal 
aperture  of  the  recess  for  the  air-bladder.  The  slender  head  of  the  clavicle  may  also 
be  seen  projecting  upwards  through  its  tubular  socket,  near  the  distal  extremity  of 
the  modified  transverse  process  and  between  the  latter  and  the  inferior  limb 

and  stem  of  the  post -temporal.  On  reference  to  fig.  57,  a strong  ligament  may 
be  seen  passing  from  the  distal  extremity  of  the  posterior  process  of  the  clavicle 
ijgt.,  cl.p.)  along  the  ventral  margin  of  the  lateral  cutaneous  area  of  its  side  to  an 
insertion  behind  into  the  ventral  surface  of  the  transverse  process  of  the  fifth 
vertebra  {t.p}). 

In  the  outer  wall  of  each  auditory  capsule,  there  is  a deep  basin-shaped  depression 
of  circular  outline,  the  sides  of  which  are  formed  by  the  prootic  (fig.  55,  pr.o.)  and 
pterotic  {pt.o.)  in  front,  the  pterotic  and  post-temporal  (pt.a.)  externally,  the  epiotic 
(ep.o.)  and  exoccipital  (eo^.)  behind,  and  the  prootic  and  opisthotic  plate  of  the 
exoccipital  (e.o.^)  internally,  while  the  supraoccipital  (so.)  occupies  the  centre  of  the 
depression.  Although  a somewhat  conspicuous  feature  in  a lateral  or  ventral  view  of 
the  external  surface  of  the  periotic  capsule,  this  curious  depression  merely  serves  the 
purpose  of  affording  an  extensive  surface  of  attachment  for  certain  muscles  connected 
with  the  branchial  arches  and  pectoral  girdle,  but  its  internal  effect  is  to  render  the 
utricular  recess  exceptionally  shallow  when  viewed  from  the  interior  of  the  cranial 
cavity.  Several  of  the  otic  bones,  and  more  particularly  the  prootics,  are  so  extremely 
thin  as  to  be  almost  transparent,  and  the  same  remark  applies  also  to  the  opisthotic 
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plate  of  the  exoccipital,  especially  where  they  form  the  external  walls  of  the  fovese 
sacculi. 

The  fovese  sacculi,  the  cavum  sinus  imparis,  and  the  atrial  cavities  appear  to 
differ  in  no  essential  respect  from  the  corresponding  structures  in  other  Siluridse. 
The  foveas  are,  perhaps,  somewhat  larger  than  usual,  while,  on  the  contrary,  the  cavum 
sinus  imparis  is  relatively  smaller.  Owing,  it  may  be,  to  the  large  size  of  the  foveas, 
the  cranial  portion  of  the  basioccipital  is  unusually  wide,  and,  as  the  cavum  and  its 
atrial  diverticula  are  relatively  smaller  than  usual,  the  atria  and  their  external  aper- 
tures with  the  scaphia  lie  together  within  the  cranial  cavity  and  on  the  dorsal  surface 
of  the  hinder  part  of  the  basioccipital.  The  large  size  of  the  fovese  also  causes  them 
to  approach  each  other  in  the  median  line  beneath  the  cavum  sinus  imparis,  so  that 
only  a very  thin  vertical  lamina  of  bone  separates  the  two  cavities. 

As  in  Bagarius  the  air-bladder  is  completely  constricted  into  two  laterally  situated 
oval  sacs  (fig.  57,  a.s,).  Each  sac  occupies  and  completely  fills  the  central  and 
similarly  shaped  portion  of  the  recess  enclosed  by  the  modified  transverse  process  of 
the  fourth  vertebra,  and  even  projects  ventrally  beyond  it,  but  nevertheless  remains 
separated  from  the  complex  centrum  by  the  length  of  the  flattened  root  of  the  process. 
Externally  the  sac  does  not  extend  quite  to  the  distal  aperture  of  its  bony  recess, 
which  to  a slight  extent  is  closed  by  the  stem  of  the  post-temporal,  but  principally  by 
the  lateral  cutaneous  area  {I.c.a.)  of  its  side.'^'  The  ventral  surface  of  each  air-sac  is 
closely  invested  by  the  anterior  portion  of  the  mesonephros  which,  at  the  antero- 
internal  angle  of  the  sac,  is  prolonged  inwards  and  then  backwards,  and,  accompanied 
by  the  posterior  cardinal  vein,  passes  between  the  inner  wall  of  the  sac  and  the  dorsal 
lamina  externally,  and  the  lateral  surface  of  the  complex  centrum  internally.  The 
mesonephros  in  conjunction  with  a portion  of  the  lateral  lobe  of  the  liver,  also  fills 
up  the  interval  between  the  outer  extremity  of  each  air-sac  and  the  inner  surface  of 
the  corresponding  lateral  cutaneous  area.  The  superficial  coat  of  the  air-bladder  is 
but  feebly  developed,  although  it  has  skeletal  attachments  similar  to  those  already 
described  in  the  case  of  Bagarius,  and  may  also  be  traced  across  the  ventral  surface 
of  the  complex  centrum  as  it  extends  from  the  ventral  surface  of  one  air-sac  to  that 
of  the  other.  The  inner  third  of  the  under  surface  of  each  sac  is  overlapped  by  the 
distal  portion  of  the  ventral  process  (fig.  57). 

The  attachments  of  the  walls  of  each  air-sac  to  rigid  portions  of  the  skeleton  are 
in  the  main  similar  to  those  of  Bagarius.  Thus,  each  sac  is  connected  with  the 
walls  of  its  bony  recess  as  follows  : — (i.)  along  the  dorsal  edge  of  its  posterior  wall 
by  an  outer  stratum  of  fibres  which  apparently  becomes  detached  from  the  rest  and 
is  inserted  into  the  posterior  margin  of  the  denn-cylindrical  transverse  process  ; (ii.) 
along  the  corresponding  line  of  the  anterior  wall  by  the  insertion  of  the  dorsal  edge 
of  the  latter  into  the  decurved  anterior  margin  of  the  same  process  ; (iii.)  the  ventral 

* Tbe  length  of  each  sac  is  4 mm.  and  the  "width  mm.,  the  length  of  the  Fish  itself  being  five 
inches. 
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wall  is  firmly  attached  to  the  distal  portion  of  the  ventral  process  ; and  (iv. ) the 
inner  wall  is  similarly  adherent  to  the  dorsal  lamina  and  its  horizontal  prolongation. 

In  the  condition  of  the  dorsal  walls  of  the  two  air-sacs  Ghjiotosternum  exhibits  an 
even  more  degenerate  condition  than  what  we  believe  to  be  the  case  in  Bagarius, 
with  the  possible  exception  of  a thin  stratum  of  connective  tissue  investing  the  inner 
surface  of  the  dorsal  wall  of  each  bony  recess,  which  may  represent  the  degenerate 
dorsal  wall  of  the  enclosed  air-sac,  the  latter  does  not  appear  to  be  indicated  by  any 
definite  stratum  of  fibres.  We  could  detect  no  fibres  derivable  from  the  outer  or 
anterior  wall  of  the  sac  and  converging  in  the  dorsal  wall  towards  the  crescentic 
process  of  the  tripus,  although  this  ossicle  retains  its  normal  relations  to  the  rest  of 
the  sac,  and  is  easily  seen  in  the  usual  position  when  the  ventral  wall  has  been 
removed.  The  dorsal  edge  of  the  anterior  wall  is  wholly  attached  to  the  anterior 
margin  of  the  tubular  transverse  process,  and  no  fibres  could  be  traced  therefrom  into 
the  dorsal  wall ; an  outer  stratum  of  fibres  in  the  posterior  wall  is  similarly  attached 
to  the  posterior  margin  of  the  same  process,  but  the  inner  stratum  thins  away  and 
disappears  as  a traceable  layer  without  extending  into  the  dorsal  wall,  as  also  is  the 
case  with  the  whole  thickness  of  the  outer  wall.  The  inner  wall,  on  the  contrary, 
remains  intact,  and  a few  fibres  are  traceable  therefrom  to  an  insertion  into  the  feebly 
concave  inner  margin  of  the  crescentic  process  of  the  tripus.  The  latter  fibres 
undoubtedly  represent  the  remains  of  the  characteristic  radial  fibres  of  other 
Siluridge,  and  share  with  the  remainder  of  the  inner  wall  a fixed  insertion  into  the 
dorsal  lamina.  In  some  instances  we  were  able  to  detect  a few  fibres  at  the  inner 
and  posterior  portion  of  the  sac,  which  at  one  extremity  were  inserted  into  the  distal 
extremity  of  the  crescentic  process  of  the  tripus,  and  in  the  opposite  direction  were 
traceable  into  the  adjacent  portion  of  the  posterior  wall.  It  is  possible  that  in  such 
cases  these  fibres  represent  the  sole  remains  of  the  triangular  sheets  of  a normal  air- 
bladder.  In  our  description  of  a young  Bagarius  we  referred  to  the  existence  of  a 
few  scattered  fibres  radiating  outwards  from  the  crescentic  process  of  the  tripus, 
forming  an  imperfectly  fibrous  dorsal  wall  to  the  air- sac,  and  subsequently  extending 
into  the  anterior  and  antero-lateral  walls.  These  fibres  were  so  feebly  developed 
that  it  is  almost  impossible  to  regard  them  as  having  any  functional  significance,  and 
in  older  and  more  mature  specimens,  it  is  by  no  means  improbable  that  they  entirely 
atrophy,  leaving  each  air-sac  in  a condition  precisely  similar  to  those  of  Glyptosternum. 

We  could  detect  no  trace  of  any  communication  between  the  two  air-sacs,  or  of 
the  existence  of  a ductus  pneumaticus. 

The  tripus  is  a tri radiate  ossicle,  its  three  divergent  divisions  representing  the 
anterior,  articular,  and  crescentic  processes  (figs.  55  and  58,  tr.).  The  anterior  and 
articular  processes  (fig.  58,  tr.a.,  tr.ar.)  are  similar  in  shape,  and  of  approximately 
equal  length,  and  both  taper  towards  their  distal  extremities.  The  crescentic  process 
(tr.c.)  is  slightly  longer  than  either  of  the  other  two  processes,  and  although  some- 
what similar  in  shape  has  a faint  inward  curvature,  but  without  forming  the  charac- 
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teristic  crescent.  The  concavity  of  the  process  is  related  to  the  dorsal  lamina  in 
such  a way  that  it  lies  to  the  outerside  of  the  latter,  and  at  the  same  time  partially 
encircles  it  (fig.  55).  The  scaphium  has  no  ascending  process,  the  small  rounded 
condyle  for  articulation  with  the  dorso-lateral  edge  of  the  centrum  of  the  first 
vertebra  being  at  the  contracted  posterior  extremity  of  the  spatulate  process.  The 
intercalarium  is  a very  small  nodule  of  bone  imbedded  in  the  interossicular  ligament. 
The  claustrum  is  either  absent  altogether,  as  appeared  to  be  the  case  in  one  or  two 
of  our  specimens,  or,  as  in  others,  was  apparently  represented  by  a slender  spicule  of 
bone  growing  downwards  from  the  lower  border  of  the  inclined  neural  arch  of  the 
complex  vertebra  towards  the  body  of  the  first,  and  imbedded  in  the  fibrous  wall  of 
the  neural  canal  immediately  behind  the  exoccipital. 

As  in  Bagarius  we  had  no  difficulty  in  discovering  a ductus  endolymphaticus,  but 
of  a sinus  endolymphaticus  in  the  relatively  small  cavum  sinus  imparis  we  were 
unable  to  find  any  indication  whatever.  Our  specimens  of  Glypto sternum  were 
sufliciently  well  preserved  to  render  our  failure  in  the  latter  respect  only  explicable 
on  the  assumption  that  in  this  genus  the  sinus  endolymphaticus  has  undergone  com- 
plete suppression. 

It  is  therefore  obvious,  from  a comparison  of  the  two  forms,  that  as  regards  the 
condition  of  the  air-bladder,  and  the  nature  of  the  associated  skeletal  modifications, 
G Lyptosternum  and  Bagarius  are  in  close  agreement  on  all  essential  points,  while 
differing  to  some  extent  in  minor  details,  and  further,  that  both  are  widely  different 
from  any  of  the  normal  species  hitherto  described.  The  better  preserved  condition 
of  our  examples  of  these  genera  enabled  us  to  make  a more  satisfactory  examination 
of  the  structure  of  the  air-bladder  and  internal  ear  than  was  possible  in  the  case  of 
the  similarly  modified  genera  Akysis  and  Acrochordonichthys,  and  it  may  be  worth 
while  to  institute  a brief  comparison  between  the  former  and  those  Siluridae  which 
possess  air-bladders  of  the  normal  size  and  structure. 

The  more  salient  features  in  the  air-bladders  of  Bagarius  and  Glyptosternum  are 
clearly  the  result  of  degeneration,  and  can  easily  be  conceived  as  due  to  the  retro- 
gressive modification  of  an  originally  normal  organ.  The  two  lateral  air-sacs 
obviously  represent  the  completely  separated  lateral  halves  of  an  ordinary  anterior 
chamber  longitudinally  constricted  from  each  other,  the  lateral  compartments,  always 
the  most  variable  portion  of  the  air-bladder  in  point  of  size,  and  the  ductus  pneu- 
maticus  having  undergone  total  atrophy.  No  trace  of  the  original  communication 
between  the  two  sacs  persists  unless  a remnant  of  such  a connection  is  to  be  found  in 
the  thin  solid  stratum  of  fibres  which  is  continued  from  one  sac  to  the  other  across 
the  ventral  surface  of  the  centrum  of  the  complex  vertebra.  But  notwithstanding 
such  indications  of  degeneration,  it  may  be  noted  that  the  reduced  air-bladder  still 
retains  the  usual  and  normal  attachments  to  fixed  portions  of  the  axial  skeleton. 
Anatomically,  at  all  events,  the  rigid  skeletal  attachments  of  each  air-sac  are 
capalfie  of  strict  comparison  with  the  similar  connections  of  the  walls  of  each  half  of 
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a normal  anterior  chamber,  more  particularly  as  they  occur  in  such  Siluridae  as  Arius 
and  its  allies.  The  attachment  of  the  anterior  and  posterior  walls  of  each  sac  to  the 
corresponding  margins  of  the  modified  transverse  process  of  the  fourth  vertebra  are 
respectively  represented  in  Arius  j^iclctda  for  example,  by  the  almost  precisely  similar 
skeletal  attachments  of  the  dorsal  edges  of  the  anterior  wall  of  the  anterior  chamber, 
and  of  the  primary  transverse  septum  or  posterior  wall.  The  attachment  of  the 
mesial  part  of  the  dorsal  wall  of  a normal  anterior  chamber  to  the  ventral  surface 
and  sides  of  the  complex  centrum  is  apparently  in  part  represented  in  both  Bagarius 
and  Glyptosternum  by  the  sheet  of  fibres  which  extends  from  one  air-sac  to 
the  other,  and  is  at  the  same  tmie  firmly  adherent  to  the  ventral  surface  of  the 
centrum  in  question,  and  which  we  caimot  but  regard  as  the  consolidated  mesial 
portion  of  an  originally  normal  anterior  chamber.  If,  as  we  have  suggested,  the 
dorsal  ridge  of  Bagarius  is  the  equivalent  of  the  oblique  lateral  ridge  of  the  complex 
centrum  and  the  dorsal  lamina  of  one  side,  the  attachment  of  the  inner  wall  of 
each  air-sac  to  it  might  reasonably  follow  fi-om  the  constriction  of  an  originally 
normal  anterior  chamber  into  t'svo  laterally-placed  sacs,  and  the  consequent  approxi- 
mation of  their  anterior  and  posterior  walls  at  the  inner  extremity  of  each  sac.  The 
same  remark  will  apply  also  to  Glyptosternum,  although  in  this  Siluroid  the  dorsal 
lamina  is  more  easily  recognised.  The  superficial  coat  of  the  air-bladder  is  obvious 
enough  in  both  genera,  but  while  it  retains  its  normal  attachments  anteriorly  to  the 
decurved  anterior  margin  of  the  transverse  process  of  the  fourth  vertebra,  the 
atrophy  of  the  lateral  compartments  has  enabled  it  to  enter  into  a similar  attachment 
posteriorly  to  the  hinder  margin  of  the  same  process.  It  is  by  no  means  improbable 
that  the  marked  downward  curvature  of  the  anterior  margin  of  this  process  is  largely 
due  to  the  actual  ossification  of  that  portion  of  the  superficial  coat  which  we  have 
hitherto  called  the  transverse  membrane.  The  peculiar  ventral  process  which,  on 
each  side,  grows  out  from  the  ventro-lateral  edge  of  the  complex  centrum  may  also, 
with  some  probability,  be  regarded  as  due  to  the  extension  of  bony  deposit  from  the 
superficial  ossifications  of  the  complex  centrum  into  the  superficial  fibrous  coat. 

But  while  retaining  in  a fashion  the  usual  rigid  skeletal  attachments  the  relations 
of  the  walls  of  the  air-sacs  to  the  movable  tripodes  afford  further  indications  of  the 
effects  of  degeneration.  We  entertain  no  doubt  of  the  practical  atrophy  of  the 
dorsal  wall  of  each  sac,  and  the  almost  complete  disappearance  of  the  usual  strata 
of  fibres  by  which,  in  the  normal  anterior  chamber,  the  lateral  and  antero-lateral 
walls  are  functionally  connected  with  the  tripodes.  With  the  suppression  of  these 
fibres  the  absence  of  the  peculiar  crescentic  curvature  in  the  posterior  division  of  the 
tripus  must  be  associated. 

We  shall  subsequently  have  occasion  to  discuss  these  facts  from  a physiological 
point  of  view,  and  we  shall  now  merely  remark  that  in  our  opinion  it  is  quite  clear, 
from  the  partial  enclosure  of  the  two  air-sacs  within  bony  capsules,  combined  with  the 
skeletal  attachments  of  their  anterior,  posterior,  and  ventral  w^alls,  that  no  volumetric 


ON  THE  ANATOMY  OF  FISHES. 


155 


changes  in  the  internal  capacity  of  the  sacs  can  possibly  occur,  except  in  the  direction 
of  the  long  axis  of  each  through  movements  of  its  outer  wall ; and  even  if  distension 
or  contraction  should  take  place  in  the  latter  direction,  it  is  impossible  that  any 
motion  could  be  imparted  to  the  tripodes,  by  reason  of  the  atrophy  of  the  dorsal  walls 
and  the  non-existence  of  the  usual  fibrous  tracts  by  which  such  an  effect  is  normally 
brought  about.  The  extremely  diminutive  size  of  the  air-bladder,  when  compared 
with  the  bulk  of  the  I’ish,  taken  in  conjunction  with  such  facts  in  the  structure  of 
the  organ  as  those  indicated  above,  force  us  to  adopt  the  conclusion  that  the  air- 
bladder  in  Glyptosternum  and  Bagarius  must  be  regarded  as  a vestigial  and  function- 
less structure — a conclusion  which  receives  additional  support  from  the  existence 
of  similar  retrogressive  modifications  in  the  Weberian  mechanism,  and  in  those 
parts  of  the  internal  ear  that  are  specially  related  to  it. 

In  our  necessarily  imperfect  account  of  Ahysis  and  Acrochordonichthys  there  were 
several  interesting  points  that  we  were  unable  to  determine  with  certainty,  of  which 
the  most  important  were,  the  condition  of  the  dorsal  walls  of  the  air-sacs,  and  the 
presence  or  absence  of  a sinus  endolymphaticus.  We  cannot  but  think,  however, 
that  our  tentative  conclusions  with  regard  to  those  genera  derive  considerable  support 
from  the  results  of  our  investigations  of  Glyptosternum  and  Bagarius.  From  the 
strong  resemblance  between  the  four  genera  in  all  essential  osteological  details,  as  well 
as  in  the  general  structure  and  skeletal  attachments  of  their  air-sacs,  and  in  the 
condition  of  the  Weberian  ossicles,  we  now  entertain  but  little  doubt  that,  so  far  as 
AJcysis  and  Acrochordonichthys  are  concerned,  the  agreement  extends  also  to  the 
atrophied  condition  of  the  dorsal  walls,  the  suppression  of  the  sinus  endolymphaticus, 
and,  in  fact,  to  the  rudimentary  and  functionless  condition  of  both  the  air-bladder  and 
Weberian  mechanism. 

Glyptosternum  conirostris,  Steindachner. 

We  could  detect  no  essential  differences  between  this  species  and  the  preceding. 

Euclyptosternum  (sp.  ?). 

In  an  undetermined  species  of  this  genus  given  to  us  by  Dr.  Day,  we  found  the 
air-bladder  and  Weberian  mechanism  very  similar  in  almost  every  detail  to  the 
coiTesponding  structures  in  Glyptosternum. 

Ilara  Buchanani. 

We  have  had  no  opportunity  of  dissecting  this  Siluroid,  but  according  to  Day  (U) 
the  air-bladder  is  “ rather  large  and  situated  in  the  abdominal  cavity,  not  enclosed  in 
bone.”  It  may,  therefore,  be  concluded  that  the  organ  conforms  to  the  normal  Siluroid 
type. 
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Amblyceps  (sp.  ?). 

The  only  reference  to  the  air-bladder  of  this  genus  that  we  have  been  able  to 
discover  is  by  Day  (9),  who  includes  Amhlyceps  in  his  list  of  Indian  Siluridse  in 
which  the  organ  is  “ wholly  or  partially  enclosed  in  bone.” 

Subfamily  : — SILUKID.®  STENOBRANCHI.®. 

Grodp  ; — Doradina. 

Ageniosiis  militaris. 

There  is  a brief  reference  to  the  air-bladder  of  this  species  by  Johannes  Muller 
(28,  fig.  10).  The  organ  is  said  to  be  enclosed  within  a small  osseous  capsule  formed 
by  the  “ first  ” vertebra,  which  is  open  laterally,  but  divided  in  the  median  line  by 
a bony  partition  wall.  Two  free  blind  diverticula  from  the  bladder  emerge  posteriorly 
through  two  small  apertures  in  the  capsule. 

From  the  division  of  its  capsule  into  two  cavities  by  an  osseous  partition,  which  is 
probably  the  centrum  of  the  complex  vertebra,  it  is  highly  probable  that  the  air- 
bladder  of  Ageniosus  is  also  constricted  longitudinally  into  two  laterally  placed 
air-sacs,  as  in  such  forms,  for  example,  as  Bagarius,  Callomystax,  &c.  The  descrip- 
tion is,  however,  too  meagre  to  admit  of  detailed  comparison  with  other  types,  but  it 
may,  nevertheless,  be  inferred,  first,  that  the  air-bladder  of  Ageniosus  represents  an 
abnormal  and  degenerate  type,  and  secondly,  that  it  bears  a singular  resemblance  to 
the  air-bladder  of  certain  Cyprinidae  {e.g.,  Botia)  in  which  the  partially  atrophied 
posterior  section  of  the  organ  is  free  in  the  abdominal  cavity,  while  the  anterior  is 
more  or  less  completely  enclosed  within  a bony  capsule. 

Auchenipterus  nodosus. 

The  only  reference  to  the  air-bladder  of  this  species  that  we  have  been  able  to 
discover  is  by  Johannes  Muller.  In  a section  of  his  valuable  memoir  (28)  entitled 
“ Ueber  einen  Springfeder-apparat  zur  Erweiterung  der  Schwiinmblase  bei  raehreren 
Gattungen  der  Welse,”  Muller  includes  Auchenipterus  among  those  Siluridse  that 
possess  a peculiar  “elastic  spring”  mechanism  for  the  compression  of  the  air-bladder, 
the  importance  of  which  he  was  the  first  to  recognize,  although  Valenciennes  had 
previously  referred  to  its  existence  in  his  description  of  the  skeleton  of  Synodontis. 
In  figs.  5 and  6,  Plate  3,  of  the  memoir  (/.c.)  the  “ elastic  spring  ” apparatus  and  its 
relation  to  the  air-bladder  are  figured. 

Ihe  centrum  of  the  first  vertebra  (fig,  59,  v')  is  much  smaller  than  the  centra  of 
any  of  the  normal  vertebrae,  but  is  nevertheless  freely  exposed  both  in  the  floor  of  the 
neural  canal  and  externally  on  the  ventral  surface.  The  complex  and  three  succeed- 
ing vertebne  are  rigidly  anchylosed  together  by  the  partial  coalescence  of  their  neural 
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arches,  but  more  especially  by  the  superficial  ossifications  which  continuously  invest 
the  lateral  surfaces  of  their  respective  centra.  The  complex  and  fifth  centra  are  about 
equal  in  length  and  width.  The  centra  of  the  sixth  and  seventh  vertebrae  are  much 
smaller,  although  larger  than  those  of  the  free  normal  vertebrae  which  succeed  them. 
The  neural  arch  and  short,  thick  spine  of  the  third  vertebra  are  both  inclined 
forwards  over  the  body  of  the  first  vertebra  and  partially  anchylose  with  the  exoccipi- 
tals  and  supraoccipital.  The  feeble  spine  of  the  fourth  vertebra  is  directed  obliquely 
backwards  and  supports  the  anterior  interspinous  bones  of  the  dorsal  fin,  but  is  quite 
distinct  from  the  preceding  spinous  processes.  The  remaining  neural  spines  in  the 
region  of  the  dorsal  fin,  with  the  exception  of  the  one  belonging  to  the  fifth  vertebra 
are  almost  obsolete.  The  eighth  vertebra  is  free  and  movable. 

By  a singular  modification,  each  of  the  transverse  processes  of  the  fourth  vertebra 
becomes  converted  into  the  “ elastic-spring  ” apparatus  of  Muller.  The  root  of  the 
process  is  a thin,  highly  elastic  lamina  of  bone  growing  obliquely  outwards  from  the 
neural  arch  and  the  backwardly  inclined  spine  of  its  vertebra,  and  curving  slightly 
downwards,  with  its  anterior  face  looking  obliquely  upwards  and  forwards,  and  its 
posterior  surface  downwards  as  well  as  backwards  (fig.  59,  At  its  distal 

extremity  the  root  expands  into  an  antero-posteriorly  flattened  oval  plate,  composed 
for  the  most  part  of  loose,  cancellous  and  almost  friable  bone  (fig.  59).  As  the  result 
of  the  ventral  flexure  of  the  elastic  root  the  two  surfaces  of  the  plate  look  inwards 
and  outwards  respectively,  but  the  slight  obliquity  of  the  plate  gives  to  the  inner 
surface  a tendency  to  look  downwards  and  backwards,  and  to  the  outer  surface  an 
upward  and  forward  inclination.  The  outer  surface  of  each  plate  is  somewhat 
convex,  and  the  curious  concentric  and  radial  striations  which  traverse  it  are  so 
related  to  a point  on  the  dorsal  margin,  near  its  anterior  extremity,  as  to  render  the 
surface  very  similar  in  appearance  to  the  external  face  and  umbone  of  an  inequilateral 
Lamellibranch  shell.  The  inner  surface,  on  the  contrary,  is  faintly  concave  and  has 
only  the  radial  striations.  Between  the  free  ventral  margin  of  each  plate  and  the 
commencement  of  the  flexible  root,  there  is  a deep,  but  narrow,  slit-like  groove  into 
which  the  thin  outer  edge  of  the  crescentic  process  of  the  tripus  is  received  (tr.c.). 
The  inner  surfaces  of  the  two  plates  are  closely  applied  to  thin  oval  areas  in  the 
antero-lateral  regions  of  the  anterior  compartment  of  the  air-bladder.  A specialized 
portion  of  the  dorso-lateral  musculature  of  the  body  wall  becomes  separated  from  the 
rest  to  form  a strong  protractor  muscle  for  each  of  the  oval  plates.  This  muscle  has 
its  origin  on  the  external  surface  of  certain  bones  forming  the  posterior  face  of  the 
skull,  viz.  : the  posterior  plate  of  the  exoccipital  and  the  epiotic,  and  from  thence  is 
continued  downwards  and  backwards  to  its  insertion  into  nearly  the  whole  extent  of 
the  external  surface  of  the  oval  plate  (fig.  61,  pt.m.).  By  the  contraction  of  this 
muscle  each  plate  may  be  pulled  outwards  and  upwards,  the  elasticity  of  its 
flexible  root  allowing  such  movement  to  take  place,  but  at  once  compelling  the  plate 
to  return  to  its  previous  position  when  the  muscle  ceases  to  contract.  The  transverse 
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processes  of  the  fifth  vertebra  (fig.  59.  t.p})  are  very  rudimentary,  being  reduced  to 
the  condition  of  short,  slender,  spicular  outgrowths.  Like  their  predecessors  they 
arise  from  the  arch  of  their  vertebra  by  thin  obliquely  set  roots,  and  are  widely 
separated  both  from  the  former  and  from  the  transverse  processes  of  tlie  sixth 
vertebra.  The  latter,  with  the  ribs  which  they  carry  r.'),  are  more  strongly 

developed  than  any  that  follow  them,  but  are  otherwise  normal. 

Thick  superficial  ossifications  invest  the  lateral  and  ventral  surfaces  of  the  complex 
and  two  succeeding  vertebral  centra,  but  the  sides  only  of  the  seventh  centrum 
(fig.  59,  S.O.S.).  Beneath  the  centra  of  the  complex,  and  the  fifth  and  sixth  vertebrm, 
the  ossifications  meet  and  blend  in  the  median  line  to  form  the  walls  of  a complete 
aortic  canal  («.c.).  Dorsally  and  laterally  the  ossifications  do  not  extend  on  to  the 
ventral  surfaces  of  any  of  the  transverse  processes,  but  terminate  in  a sharp  longitu- 
dinal ridge  on  each  side  which  forms  the  inferior  boundary  of  a groove  for  the 
posterior  cardinal  vein.  Lateral  ridge-like  thickenings  {l.i'.)  are  developed  on  the 
sides  of  the  anterior  extremity  of  the  complex  centrum,  and  apparently  mark  the 
anterior  limit  of  the  superficial  ossifications  ; these  ridges  coincide  with  the  dorsal 
insertion  of  the  median  section  of  the  transverse  membrane,  and  also  of  a portion  of 
the  fibres  forming  the  corresponding  region  of  the  anterior  wall  of  the  air-bladder. 
Radial  nodules  (r.n.)  are  rejoresented  by  two  elongated,  slender  nodules  of  bone  lying 
along  the  lateral  surfaces  of  the  complex  centrum  at  the  dorsal  extremities  of  the 
oblique  lateral  ridges,  but  united  to  the  centrum  by  fibrous  tissue  only.  There  are 
no  ossified  dorsal  laminae. 

The  rigid  connection  of  the  anterior  section  of  the  vertebral  column  and  the  skull 
is  secured  by  a peculiar  development  of  dermal  plates.  The  dorsal  extremities  of  the 
two  anterior  interspinous  bones  are  expanded  into  broad  dermal  plates,  which  are 
exposed  on  the  dorsal  surface  behind  the  supraoccipital  spine  (fig.  61,  The 

more  anterior  of  the  two  {i.s.')  overlies  the  interval  between  the  divergent  spines  of 
the  third  and  fourth  vertebrae,  and  articulates  in  front  by  a straight  suture  with  the 
supraoccipital  spine  (s.o.'),  and  behind  with  the  posterior  plates  by  a concavo- 

convex  suture,  the  two  plates,  with  the  greatly  expanded  spine  of  the  supraoccipital, 
forming  a strong  bony  armature  for  the  dorsal  region  of  the  trunk  behind  the  head. 
At  each  of  the  postero-lateral  angles  of  the  skull,  and  overlying  the  true  epiotic 
element,  there  is  a third  dermal  plate  (ep.o.)  wedged  in  between  the  ascending  process 
of  the  post- temporal  (pt.a.)  and  the  pterotic  (pt.o.)  in  front,  and  the  supraoccipital 
and  the  two  dermal  interspinous  bones  behind  and  above,  but  having  its  outer  margin 
free.  From  its  posterior  margin  the  dermal  portion  of  the  epiotic  is  prolonged  back- 
wards and  downwards  as  a slender  process  of  bone,  which  coincides  with  the  superior 
margin  of  the  lateral  cutaneous  area  of  its  side,  and  serves  for  the  anterior  insertion 
of  part  of  the  donso-lateral  muscles  of  the  body  wall.^ 

* As  in  Glyptosternum,  the  post-temporal,  exoccipital,  and  epiotic  bones  form  the  walls  of  a deep  basin- 
shaped  depression  near  each  of  the  postero-latei'al  angles  of  the  ci’anium. 
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The  post-temporal  has  the  usual  shape.  The  ascending  process  (fig.  Gl,  'pt.a.) 
suturally  articulates  with  the  dermal  epiotic  plate  [ep.o.)  and  the  pterotic  (pt.o.)  above, 
while  the  inferior  limb  (fig.  59,  pt.i.),  which  is  unusually  stout,  is  firmly  applied  to  a 
strong  lateral  outgrowth  from  the  basioccipital  {bo.).  The  inner  surface  of  the  stem, 
and  the  contiguous  portion  of  the  inferior  limb,  form  between  them  a deep  groove-like 
socket  for  the  bifid  head  of  the  clavicle,  but,  as  might  be  expected,  no  portion  of  the 
post-temporal  has  any  articular  relations  with  the  flexible  transverse  process  of  the 
fourth  vertebra.  The  posterior  process  of  the  clavicle  {cl.p.)  is  strongly  developed, 
and  by  its  extension  backwards  marks  the  inferior  boundary  of  the  lateral  cutaneous 
area  of  the  same  side. 

The  air-bladder  is  rather  large  in  proportion  to  the  size  of  the  Fish,  and  broadly 
ovate  in  shape,  with  its  anterior  third  somewhat  contracted  or  pinched  in  by  the 
application  of  the  oval  plates  of  the  “ elastic  spring”  apparatus  to  its  lateral  surfaces 
(fig.  60,  a.h.).  Tiie  walls  of  the  bladder  are  very  thin.  Internally,  the  cavity  of  the 
organ  is  subdivided  in  the  usual  way  into  an  anterior  and  two  lateral  compartments 
by  primary  transverse  and  longitudinal  septa.  The  transverse  septum  (t.s.)  is  a fairly 
stout  vertical  pillar  of  fibres,  continuous  posteriorly  with  the  longitudinal  septum  (/.«.). 
Dorsally,  the  transverse  septum  splits  into  two  bundles  of  fibres,  which  pass  on  either 
side  of  the  body  of  the  sixth  vertebra,  and  at  the  same  time  curve  forwards  as  well  as 
upwards  to  the  ultimate  insertions  into  tlie  lateral  surfaces  of  both  the  sixth  and  fifth 
centra.  Through  the  narrowness  of  the  septum,  the  apertures  wdrereby  the  lateral 
and  anterior  compartments  intercommunicate  are  unusually  -wide.  The  outer  and 
posterior  walls  of-  the  lateral  chambers  are  strengthened  internally  by  numerous 
vertically-disposed  ridge-like  aggregations  of  fibres,  which  are  stoutest  behind,  but 
gradually  become  less  marked  as  they  are  traced  into  the  anterior  chamber,  where 
they  finally  disappear.  There  is  no  trace  of  secondary  transverse  septa.  A ductus 
pneumaticus  is  present. 

The  attachments  of  the  air-bladder,  both  to  rigid  and  to  movable  portions  of  the 
skeleton,  are  substantially  the  same  as  in  Macrones.  The  mesial  section  of  the 
anterior  wall  of  the  bladder  is  attached  dorsally  to  the  ventral  surface  and  oblique 
lateral  ridges  of  the  complex  centrum,  to  the  radial  nodules,  and  also  to  the  feebly 
developed  ridges  on  the  ventral  surfaces  of  the  crescentic  processes  of  the  tripodes. 
Externally  to  these  attachments,  and  on  each  side,  the  fibres  of  tlie  tunica  externa 
have  the  same  general  arrangement  in  the  lateral  and  antero-lateral  walls  as  in 
Macrones,  and  converge  in  the  dorsal  w'all  in  the  form  of  triangular  sheets  to  their 
ultimate  connection  with  the  tripodes  (fig.  60).  The  thin  median  portion  of  the 
dorsal  wall  of  the  anterior  chamber  is  restricted  to  that  part  which  invests,  and  is 
firmly  attached  to,  the  lateral  and  ventral  surfaces  of  the  complex  and  fifth  vertebral 
centra,  inasmuch  as,  from  the  peculiar  shape  of  the  crescentic  processes  of  the  tripodes, 
and  the  absence  of  their  usually  widely  open  curvature,  the  oblique  posterior  margins 
of  the  triangular  sheets  are  in  close  relation  with  those  centra.  Over  a well  defined 
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oval  area  in  each  of  the  antero-lateral  regions  of  the  bladder  the  tunica  externa 
becomes  extremely  thin,  though  still  retaining  its  normal  structure  of  an  inner  layer 
of  vertically  arranged  fibres,  and  an  outer  stratum  of  curvilinear  fibres.  The  thinness 
of  these  areas  is  principally  due  to  the  extreme  tenuity  of  the  outer  stratum.  The 
dorsal  edges  of  the  fibres  forming  each  oval  area  are  inserted  into  the  outer  rim  of  the 
thickened  inner  margin  of  the  crescentic  process  of  the  tripus,  immediately  behind  the 
insertion  of  the  mesial  fibres  of  the  anterior  wall  into  the  ventral  ridge  of  the  same 
ossicle.  To  these  oval  areas  the  bony  plates  of  the  “ elastic-spring  ” mechanism  are 
so  closely,  and  even  forcibly,  applied,  that  in  all  our  specimens  of  this  .species  the 
antero-lateral  walls  of  the  anterior  chamber  were  distinctly  pinched  in  (fig.  60).'”" 
Apart  from  a delicate  connective  tissue  which  extends  between  them,  the  oval  areas 
are  not  specially  attached  to  the  bony  plates ; at  all  events,  in  spirit-preserved  speci- 
mens the  two  structures  readily  separate  from  each  other.  The  radial  fibres  of  the 
tripus  {r.f.)  are  somewhat  feebly  developed,  and,  from  the  peculiar  shape  of  the 
crescentic  process  of  that  ossicle,  pursue  an  almost  straight  course  forwards  as  they 
pass  from  the  latter  to  their  connection  anteriorly  with  the  radial  nodule. 

A thin  transversely-disposed  membrane  is  closely  applied  to  the  proper  anterior  wall 
of  the  bladder,  and  is  attached  dorsally  to  the  lateral  ridges  of  the  complex  centrum ; 
laterally  to  this  the  membrane  becomes  continuous  with  the  margins  of  each  oval 
plate  of  the  “ elastic  spring  ” mechanism,  and  from  thence  becomes  lost  on  the  lateral 
and  ventral  surfaces  of  the  bladder. 

In  shape,  the  tripus  (fig.  59,  62  and  63,  tr.)  is  very  unlike  that  of  most  other  Siluridse, 
although  it  possesses  the  three  characteristic  divisions.  The  ossicle  is  almost  straight, 
the  posterior  or  crescentic  process  {tr.c.)  being  almost  a direct  continuation  backwards 
of  the  anterior  process  (tr.a.),  with  not  more  than  the  faintest  suspicion  of  the  usual 
inward  curvature.  Both  processes  are  much  flattened,  but  the  crescentic  process  is 
almost  twice  the  length  and  width  of  the  anterior  division  (fig.  62).  The  ventral 
surface  of  the  root  of  the  crescentic  process  is  traversed  by  a faint  oblique  ridge  (v.r.) ; 
the  outer  margin  is  extremely  thin,  and  fits  into  a slit-like  groove  at  the  junction  of  the 
oval  plate  with  the  flexible  root  of  the  “ elastic  spring”  apparatus  (fig.  59,  t7\c.) ; the 
inner  margin,  on  the  contrary,  is  curled  inwards  on  itself,  so  as  to  form  a thickened  rim 
on  the  ventral  surface,  and,  moreover,  is  somewhat  longer  than  the  outer  margin  (fig. 
62).  As  previously  mentioned,  the  ventral  ridge  of  the  tripus  receives  the  insertion 
of  a slip  of  fibres  derived  from  the  median  portion  of  the  anterior  wall  of  the  bladder  ; 
the  thickened  inner  rim  of  the  crescentic  process  receives  on  its  inner  edge  the 
insertion  of  the  radial  fibres  from  the  radial  nodule ; while  the  outer  margin  of  the 

* Sorensen’s  conclusions  (37)  with  regard  to  Doras  and  Synodontis,  viz.,  that  the  oval  plates  of  the 
“elastic-spring”  apparatus  owe  their  formation  to  the  ossification  of  “laplevre”  (=  the  transverse 
membrane)  and  the  tunica  externa  of  the  bladder  itself,  may  be  extended  also  to  Auchenipterus.  The 
relations  of  the  transverse  membrane  to  the  terminal  plates  in  this  genus,  and  the  extreme  tenuity  of 
the  walls  of  the  bladder  where  the  plates  are  applied  to  them,  are  quite  in  harmony  with  this  suggestion. 
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rim  has  attached  to  it  from  before  backwards,  first,  the  dorsal  edges  of  the  fibres 
derived  from  the  corresponding  antero-lateral  wall  of  the  anterior  chamber  and 
traversing  one  of  the  thin  oval  areas,  and,  secondly,  the  fibres  primarily  derived  from 
the  remaining  portion  of  the  lateral  wall,  as  well  as  those  converging  from  the 
outer  wall  of  the  lateral  compartment  of  the  same  side.  The  thin  outer  rim  of 
the  crescentic  process  does  not  receive  the  insertion  of  any  of  these  fibres,  as  the 
latter  simply  cross  its  ventral  surface  on  their  way  to  the  thickened  inner  rim, 
which  is  consequently  the  only  portion  of  the  tripus  that  can  be  seen  imbedded  in 
the  dorsal  wall  of  the  bladder  after  the  removal  of  the  tunica  interna  (fig.  60, 
tr.c.).  The  unusual  length  of  the  crescentic  process  seems  to  be  associated  with 
the  relatively  large  size  of  the  anterior  chamber,  and  also  with  the  fact  that 
the  process  not  only  receives  the  insertion  of  the  fibres  derived  from  the  antero- 
lateral and  lateral  walls  of  the  anterior  chamber,  but  also  from  the  outer  wall  of 
the  contiguous  lateral  compartment.  The  absence  of  any  marked  curvature  in 
the  process  may  also  have  conditioned  its  somewhat  exceptional  length.  At  the 
junction  of  its  anterior  and  crescentic  processes  a thin,  flexible,  and  highly  elastic, 
triangular  lamina  of  bone  is  given  off  from  the  dorsal  surface  of  the  tripus  and 
at  right  angles  to  it  (fig.  63,  tr.ar.).  The  surfaces  of  the  lamina  look  almost  directly 
backwards  and  forwards  respectively,  and  the  inner  margin,  from  its  jun-ction  with 
the  body  of  the  tripus  to  the  pointed  dorsal  externity  of  the  lamina,  is  confluent  with 
the  neural  arch  of  the  complex  vertebra  along  a line  which  is  slightly  oblique  from 
below  upwards  and  forwards.  This  lamina  undoubtedly  represents  the  articular  process 
of  other  Siluroids,  from  which,  however,  it  differs  in  being  directly  continuous  with  the 
neural  arch  instead  of  articulating  with  the  lateral  surface  of  the  centrum  at  the  bottom 
of  a deep  pit-like  socket.  Consequently  the  movements  of  the  tripus  in  Auclienvpterus 
will  not  depend  on  a normal  articulation,  but  solely  on  the  flexibility  and  elasticity  of 
its  peculiar  articular  process.  Then  again,  in  most  Siluridse  with  normal  bladders,  it  is 
the  radial  fibres  of  the  tripus  which  cause  that  ossicle  to  move  inwards  towards  the 
complex  centrum  when  the  lateral  distension  of  the  anterior  chamber  has  ceased  to 
separate  the  two,  but  in  Auchenipterus  the  function  of  the  radial  fibres,  which,  from 
their  relatively  feeble  development  and  nearly  straight  antero-posterior  course,  is 
possibly  less  efficient  than  in  other  Siluroids,  must  be  powerfully  supplemented  by 
the  elasticity  of  the  articular  process.  As  in  all  probability  the  tripus  is  to  be 
regarded  as  the  modified  transverse  process  of  the  third  vertebra  it  will  at  once  be 
obvious  that  it  presents  a striking  resemblance  to  the  corresponding  process  of  tlie 
fourth  vertebra.  In  each  case  there  is  a flexible  and  elastic  root  directly  continuous 
with  the  neural  arch  of  its  vertebra  and  in  distal  continuity  with  a movable  plate 
of  bone — the  body  of  the  tripus  in  the  one  case  and  the  oval  plate  of  the  “ elastic- 
spring ” apparatus  in  the  other.  The  fact  may  also  be  recalled  that  as  regards  the 
thinness  of  its  root  and  the  curious  obliquity  of  its  origin  from  the  neural  arch  the 
MDCCCXCIII. — B.  Y 
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transverse  process  of  the  fifth  vertebra,  although  neither  flexible  nor  elastic,  strongly 
resembles  the  two  preceding  processes. 

In  reference  to  the  movements  of  the  tripus  it  seems  to  us  not  improbable  that  the 
relation  of  its  crescentic  process  to  the  slit-like  groove  between  the  oval  plate  and  the 
elastic  root  of  the  transverse  process  of  the  fourth  vertebra  must  also,  to  some  extent, 
limit  and  control  the  lateral  motion  of  that  ossicle,  even  if  it  does  not  altoerether 
prevent  the  possibility  of  any  such  movement,  when  the  protractor  muscle  is  quiescent 
and  the  plates  are  not  pulled  outwards  and  upwards.  On  the  other  hand,  the 
contraction  of  these  muscles,  and  the  consequent  upward  and  forward  movement 
of  the  plates,  will  necessarily  confer  upon  the  tripodes  a wider  range  of  possible 
lateral  motion.  In  fact,  as  we  shall  subsequently  have  occasion  to  point  out  more  in 
detail,  any  increase  in  the  volume  of  the  anterior  chamber  of  the  air-bladder  will 
mainly  depend  on  the  movements  of  the  oval  plates  in  the  way  just  described,  but 
it  is  precisely  such  movements  that  will  give  to  the  tripodes  an  increased  range 
of  lateral  motion,  and,  at  the  same  time,  the  capacity  for  registering  the  degree  of 
distension  of  the  bladder.  Conversely,  the  compression  of  the  air-bladder  by  the 
elastic  recoil  of  the  plates  when  their  protractor  muscles  cease  to  contract,  will 
necessarily  have  the  effect  of  confining  the  movements  of  the  ossicles  within 
comparatively  narrow  limits. 

In  the  general  structure  of  the  various  parts  of  the  internal  ear,  and  of  the 
recesses  in  which  they  lie,  Auchenipterus  closely  agrees  with  Macrones. 

Lateral  cutaneous  areas  are  well  marked,  but  the  oval  plates  of  the  “ elastic- 
spring ” mechanism,  to  a large  extent,  prevent  the  lateral  walls  of  the  anterior 
chamber  from  coming  into  direct  contact  with  them,  but  behind  the  plates  the  lateral 
walls,  and  to  some  extent  the  outer  walls  of  the  lateral  compartments  also,  are 
in  close  relation  with  these  areas.  The  spaces  between  the  plates  and  the  superficial 
skin  are  occupied  partly  by  the  large  protractor  muscles,  and  partly  by  a yellowish 
fatty  tissue. 

A uchenipterus  ohscurvs. 

But  for  one  or  two  minor  points  of  difference,  this  species  very  closely  resembles 
the  preceding  one.  The  superficial  ossifications  are  somewhat  more  extensively 
developed,  inasmuch  as  they  extend  on  to  and  invest  the  lateral  surfaces  of  the 
eighth  vertebral  centrum,  so  that  the  ninth  is  the  first  of  the  flexibly  articulated 
series.  A further  distinctive  feature  is  to  be  found  in  the  presence  of  a small  cmcal 
diverticulum  which  is  given  off  from  the  posterior  and  outer  extremity  of  each  of 
the  lateral  compartments  of  the  air-bladder, 

Euanemus. 

Since  Johannes  Muller  (28)  first  recorded  tbe  existence  of  an  “elastic-spring” 
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apparatus  in  this  South  American  genus,  the  relations  of  the  mechanism  to  the  air- 
bladder  have  been  carefully  described  by  Sorensen  (37)  in  E.  nuchalis. 

Instead  of  each  terminal  disc  or  plate  being  flat  on  its  posterior  face,  or  only 
slightly  concave,  it  is  hollowed  out  in  the  form  of  a pouch.  The  formation  of  these 
singular  structures  and  their  relations  to  the  tunica  externa  of  the  air-bladder  are 
thus  described  by  Sorensen  : — “ la  membrane  externe  de  la  vessie  natatoire  est  ossifiee 
en  dehors  (ou  en  avant),  et  en  haut,  au  bord  du  disque,  I’ossification  s’etend  dans  toute 
son  epaisseur,  tandis  que,  pres  du  bord  superieur  dudisque,  cette  membrane  n’est 
ossifiee  sur  la  face  interne  (ou  posterieure)  que  dans  une  petite  etendue.” 
{Loc.  cit,  pp.  139-140.) 

Cetopsis  candira. 

Cetopsis  is  one  of  the  nine  genera  of  Siluridse  in  which  Johannes  Muller  (28) 
denied  the  existence  of  an  air-bladder,  and  his  statement  on  this  point  remained 
uncorrected  until  it  was  shown  by  one  of  us  (4)  that  in  C.  candira  the  organ  is 
undoubtedly  present  in  a diminutive  and  bone-encapsuled  condition.  The  description 
then  given  may  now  be  supplemented  in  one  or  two  minor  features. 

Cetopsis  differs  from  all  other  Siluridje  with  which  we  are  acquainted  in  that  the 
neural  arch  of  the  complex  vertebra  is  not  perforated  by  a single  foramen  for  the 
passage  of  the  roots  of  spinal  nerves.  The  second  to  the  fourth,  inclusive,  emerge 
between  the  exoccipital  and  the  arch  of  the  complex  vertebra,  the  last-mentioned 
nerve  travei’sing  a slight  notch  in  the  anterior  margin  of  the  arch.  The  fifth  nerve 
escapes  between  the  arches  of  the  complex  and  fifth  vertebrae,  while  the  sixth  and 
remaining  spinal  nerves  perforate  in  the  normal  fashion  the  arches  of  the  fifth  and 
succeeding  vertebrae. 

The  transverse  processes  of  the  fourth  vertebra  are  alone  concerned  in  the  formation 
of  the  osseous  capsules  for  the  enclosure  of  the  rudimentary  air-bladder,  and  are 
represented  on  each  side  by  a hollow  bony  cylinder  disposed  at  right  angles  to  the  long- 
axis  of  the  vertebral  column.  The  formation  of  each  cylinder  is  apparently  due  to  the 
expansion  of  the  transverse  process  combined  with  the  downwai’d  curvature  of  its 
anterior  and  posterior  margins,  and  their  subsequent  fusion  on  the  ventral  surface. 
The  distal  aperture  of  the  cylinder  is  closed  by  the  external  skin  and  a deposit  of 
subcutaneous  fatty  tissue,  and  to  a slight  extent  also  by  the  lateral  musculature  of 
the  trunk.  Proximally,  the  cylinder  is  continuous  with  the  centrum  and  arch  of  the 
complex  vertebra.  Near  its  junction  with  the  vertebra  each  cylinder  is  slightly 
bullate  on  its  dorsal  surface,  but  for  the  rest  of  its  extent  is  of  fairly  uniform  calibre. 
The  bony  walls  of  the  cylinders  are  everywhere  complete  except  at  their  distal 
extremities.  Two  foramina  perforate  the  I’oot  of  each  cylinder,  one  on  the  ventral 
surface  and  the  other  in  the  anterior  wall,  both  apertures  being  close  to  the  junction 
of  the  cylinder  with  the  complex  vertebra ; the  first  serves  for  the  transmission  of 
the  ventral  divisions  of  the  second,  third  and  fourth  spinal  nerves,  while  the  second 
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aduiits  of  the  passage  of  the  tripus  from  the  interior  of  the  cylinder  to  its  connection 
with  the  scaphium  anteriorly.  The  transverse  processes  of  the  fifth  vertebra  have  no 
share  in  the  formation  of  the  osseous  capsules  for  the  air-bladder,  nor  do  they  in  any 
way  differ  from  the  normal  rib-bearing  processes  that  succeed  them. 

Except  for  the  slenderness  of  its  inferior  limb  the  post-temporal  is  normal,  and  with 
the  distal  portion  of  the  cylindrical  transverse  process  forms  the  articular  cavity  for 
the  clavicle. 

file  air-bladder  is  constricted  into  two  small,  extremely  thin-walled,  laterally 
placed,  oval  air-sacs,  which  occupy  the  slightly  inflated  proximal  portions  of  the  two 
bony  cylinders.  Each  sac  in  a Fish  8 inches  long  was  only  6 mm.  in  length,  but, 

nevertheless,  had  structurally  perfect  walls.  The  walls  of  each  sac  are  in  close 

relation  with  those  of  its  investing  bony  capsule,  without,  however,  being  specially 
attached  thereto,  except  at  one  point  where  the  inner  wall  is  adherent  to  the  lateral 
surface  of  the  complex  centrum.  The  solitary  specimen  examined  by  us  had  been 
eviscerated  before  dissection,  but  a most  careful  examination  failed  to  reveal  the 
existence  of  any  communication  between  the  two  sacs,  or  of  any  trace  of  a ductus 
pneumaticus. 

A scaphium  without  either  condylar  or  ascending  processes  is  present,  but  neither 
intercalaria  or  claustra  could  be  detected.  The  tripus  is  very  similar  to  that  of 

Bagarius,  except  that  it  has  only  the  barest  rudiment  of  a straight  “ crescentic  ” 

process  for  insertion  into  the  antero-internal  portion  of  the  dorsal  wall  of  the 
corresponding  air-sac.  No  obviously  specialized  radial  fibres  could  be  made  out,  but 
are  probably  represented  by  that  part  of  the  inner  wall  of  the  air-sac  which  is 
attached  to  the  complex  centrum.  There  are  no  radial  nodules. 

The  cavum  sinus  imparls  and  the  atrial  cavities  aj^peared  to  be  perfectly  normal, 
but  relatively  of  small  size.  Unfortunately,  the  auditory  organ  was  too  badly 
preserved  to  admit  of  a satisfactory  examination  of  its  structure  being  made. 

Doras  maculatus. 

The  existence  of  an  “ elastic-s})ring  ” apparatus  in  this  South  American  species  was 
first  described  by  Johannes  Muller  (28),  but  a more  detailed  account  of  the  relations 
of  the  mechanism  to  the  walls  of  the  air-bladder  has  recently  been  given  by  Sorensen 
(37,  Plate  2,  figs.  1 5,  16).  In  an  earlier  paper  by  the  same  author  (36,  Plate  3,  fig.  44, 
and  Plate  4,  fig.  43),  the  bladder  itself  is  figured. 

From  Sorensen’s  figures  it  would  appear  that  as  regards  its  skeletal  modifications, 
and  the  mode  of  formation  and  relations  of  its  “ elastic-spring  ” mechanism,  Doras 
exhibits  a fairly  close  resemblance  to  Aucheiiipterus  and  Oxydoras  in  all  essential 
features.  The  thick  discoidal  terminal  plates  of  the  mechanism  are  closely  applied  to 
the  antero-lateral  regions  of  the  bladder.  There  seems  to  he  no  recognisable  posterior 
division  to  the  transverse  process  of  the  fourth  vertebra,  and  the  fifth  vertebra  has 
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but  a pair  of  rudimentarj  processes  which  are  widely  separated  from  those  of  the 
fourth  and  sixth  (Zoc.  cit.,  Plate  2,  figs.  14-16). 

The  air-bladder  is  partially  constricted  into  two  portions,  of  which  the  anterior  is 
cordate  in  shape,  and  subdivided  internally  into  the  usual  anterior  and  lateral  com- 
partments by  transverse  and  longitudinal  septa  {loc.  cit.,  Plate  4,  fig.  43).  The  posterior 
portion  {loc.  cit.,  Plate  3,  fig.  44),  is  a long  internally  sacculated  caecal  appendage,  closely 
resembling  the  corresponding  structure  in  Malapterurus.  Unlike  all  other  Siluridm  in 
which  an  “ elastic- spring  ” mechanism  is  present,  the  anterior  chamber  is  fringed  on  each 
side  by  a series  of  variously-sized  more  or  less  branched,  tubular  caeca.  Over  the  circular 
or  somewhat  oval  areas,  where  the  terminal  discs  of  the  two  elastic  springs  are  applied 
to  the  walls  of  the  anterior  chamber,  only  the  thin,  delicate,  transparent  tunica  interna 
is  present.  On  this  point,  and  with  reference  to  the  mode  of  formation  of  the  discs, 
Sorensen  {loc.  cit.,  p.  139)  remarks : — “ Chez  le  genre  Doras,  il*  se  termine  en  un  disque 
rond  et  epais  qui  est  une  ossification  de  (la  plevre  et  de)  la  membrane  externe  de  la 
vessie  natatoire  dans  toute  son  epaisseur,  de  sorte  qu’en  ouvrant  la  vessie  natatoire  on 
aper9oit  ce  disque  a travers  la  membrame  interne  pellucide.”  According  to  Sorensen, 
therefore,  the  thickened  discs  in  which  the  transverse  processes  of  the  fourth  vertebra 
terminate  distally  are  to  be  regarded  as  owing  their  formation  to  the  extension  of 
ossification  from  the  transverse  processes  into  the  transverse  membrane  (la  plevre), 
and  the  whole  thickness  of  the  tunica  externa. 

The  crescentic  process  of  the  tripus  {loc.  cit.,  fig.  15)  has  apparently  the  same  shape 
as  in  Auchcnipterus. 

Oxydoras  brevis. 

We  are  not  acquainted  with  any  previous  reference  to  the  air-bladder  of  Gxydoras, 
nor  are  we  aware  that  the  presence  of  an  “elastic  sprmg”  apparatus  in  this  genus  has 
hitherto  been  recorded. 

In  all  essential  features  the  modified  anterior  vertebrse  and  their  processes  are 
similar  to  those  of  Auchcnipterus  nodosus.  The  transverse  processes  of  the  fourth 
vertebra  are  modified  to  form  an  “ elastic  spring  ” mechanism.  The  deflected  distal 
portion  of  each  process  (fig.  64,  t.p.'^)  forms,  however,  but  a slightly  expanded  and 
inwardly  curved  plate  with  a thickened  outer  margin  and  an  almost  nodular  extremity. 
Near  the  junction  of  each  plate  with  its  elastic  and  flexible  root  there  is  a slight  groove 
into  which  the  outer  margin  of  the  crescentic  process  of  the  tripus  is  received.  As  in 
Auchcnipterus,  the  modified  transverse  process  has  no  trace  of  a posterior  division, 
but,  unlike  that  genus,  the  fifth  vertebra  has  scarcely  any  trace  of  transverse  processes, 
and,  as  is  usually  the  case  where  the  lateral  surfaces  of  the  body  are  protected  by  an 
armature  of  dermal  bony  plates  (e.^.,  the  Loracaroid  Siluridoe),  the  first  pair  of  ribs  are 
exceptionally  massive.  The  radial  nodule  (r.n.)  is  an  elongated  spicule  of  bone,  some- 
what loosely  attached  by  fibrous  tissue  to  the  lateral  surface  of  the  complex  centrum. 

* The  ti’ansverse  process  of  the  fourth  vertebra. 
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Its  slightly  thickened  dorsal  extremity  is  almost  in  contact  with  the  inner  margin  of 
the  root  of  the  crescentic  process  of  the  tripus  (tr.c.),  with  which  it  is  connected  by  a 
few  short  radial  fibres.  The  inferior  limb  of  the  post-temporal  (pt.i.)  is  very  massive, 
and  articulates  internally  with  the  basioccipital  (bo.),  and  along  its  dorsal  edge  with 
the  angle  which  the  posterior  and  opisthotic  plates  of  the  exoccipital  make  with  each 
other  at  the  postero-lateral  region  of  tlie  skull. 

The  air-bladder  (fig.  66)  is  also  very  similar  in  shape  and  relative  size  to  that  of 
Anchenipterus.  The  anterior  chamber  («.c.)  is  fairly  large,  and  its  lateral  walls  are  in 
close  and  extensive  contact  with  the  superficial  skin.  The  transverse  septum  {t.s.)  is 
attached  dorsally  to  the  body  of  the  fifth  vertebra,  and  anteriorly  to  this  to  a longi- 
tudinal ridge  which  traverses  each  of  the  lateral  surfaces  of  the  complex  centrum  and 
marks  the  dorsal  limit  of  the  superficial  ossifications,  and  also  coincides  with  the  inner 
margin  of  the  corresponding  triangular  fibrous  sheet  of  the  dorsal  wall  of  the  anterior 
chamber.  The  lateral  portions  of  the  anterior  wall  of  the  bladder  are  extremely  thin 
and  translucent  where  the  distal  plates  of  the  “ elastic  spring”  mechanism  are  applied 
to  them,  in  fact,  the  latter  project  into  the  cavity  of  the  anterior  chamber,  pushing  in 
the  thin  wall  of  the  bladder  before  them.  At  the  point  of  closest  contact  of  the  two 
structures  the  tunica  externa  is  entirely  wanting,  and  only  tlie  thin  inner  tunica 
invests  the  inw'ardly  projecting  extremities  of  the  two  plates.^'  The  peripheral 
margins  of  the  plates  are  somewhat  firmly  attached  to  the  wall  of  the  bladder  by 
connective  tissue.  The  posterior  extremity  of  the  bladder  has  a small  rudiment  of  a 
posterior  ccecum  {p.c.)  sub-divided  internally  by  a backward  prolongation  of  the 
longitudinal  septum  which,  anteriorly,  separates  the  two  lateral  compartments  from 
each  other. 

The  Weberian  ossicles  are  much  the  same  as  in  Auclienipterus.  The  crescentic 
process  of  the  tripus  (fig.  65,  tr.c.)  is,  however,  shorter  than  the  anterior  process 
{tr.a.)  and  without  a trace  of  any  inward  curvature.  From  the  manner  in  which  the 
fibres  of  the  dorsal  wall  of  the  anterior  chamber  are  connected  svith  it  the  crescentic 
process  appears  somewhat  triangular  in  shape  wlien  viewed  from  the  ventral  surface 
after  the  removal  of  the  tunica  interna  (fig.  66).  The  articular  process  {tr.ar.)  is  a 
thin  flexible  lamina  of  bone,  continuous  with  the  arch  of  the  complex  vertebra,  and  in 
correlation  with  this  modification  the  radial  fibres  are  so  feebly  developed  as  to  be 
almost  non-existent. 

Synod  out  is  schal. 

Johannes  Muller  (28)  has  figured  and  described  the  “ elastic-spring”  apparatus  of 
this  African  Siluroid  and  its  relations  to  the  air-bladder  {loc.  cit.,  Plate  3,  figs.  1 to  4). 
Sorensen,  in  his  paper  “ Om  Lydorganer  hos  Fiske,”  also  gives  an  external  lateral 
view  of  the  air-bladder  of  Synodontis  with  the  object  of  showing  the  relations  of  tlie 

* These  facts  suggest  tliat  in  the  mode  of  formation  of  the  nodular  terminal  jilates  of  the  mechanism 
Oxyduras  resembles  Doras,  Synodontis,  and  Auclunipterus, 
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“elastic-spring”  mechanism  to  the  walls  of  that  organ.  We  regret  that  we  have 
only  been  able  to  examine  a skeleton  of  this  species,  but  we  venture  to  give  a brief 
description  of  certain  features  in  its  structure  for  the  sake  of  comparison  with  other 
types.  It  is  interesting  to  remark  that  in  many  of  its  skeletal  details  Synodontis 
exhibits  a much  closer  resemblance  to  the  East  Indian  genus  Pangasius  {e.g.,  P. 
Buchanani,  P.  djanihal)  than  to  those  South  American  Siluroids  in  which  an 
“elastic-spring”  apparatus  is  present. 

The  first,  the  complex  (fig.  67,  c.c.),  and  the  fifth  {v}),  and  sixth  {v.^)  vertebrae  are 
rigidly  connected  together  by  investing  superficial  ossifications  which  continuously 
thicken  the  ventro -lateral  surfaces  of  their  centra,  and  terminate  in  front  at  the 
anterior  end  of  the  complex  centrum  in  strong  oblique  lateral  ridges  that  overlap  the 
basioccipital,  or  rather  articulate  with  its  thickened  ventral  portion  by  an  interdigi- 
tating  suture.  The  true  body  of  the  first  vertebra  is  therefore  not  visible  externally 
on  the  ventral  surface.  There  is  a deep  aortic  groove  (a.g.).  Stout  radial  nodules 
(r.71.)  are  attached  to  the  oblique  lateral  ridges  of  the  complex  centrum,  and  fairly 
broad  dorsal  laminae  (dJ.)  extend  therefrom  ventrad  to  the  cardinal  grooves,  and 
blend  with  the  ventral  surfaces  of  the  posterior  divisions  of  the  transverse  processes 
of  the  fourth  v^ertebra.'  Unlike  Aucheniptei'us,  Doras,  and  Oxydoras,  each  of  these 
processes  in  Synodontis  is  deeply  cleft  into  anterior  and  posterior  divisions,  of  which 
the  latter  [tpdp.)  is  directed  obliquely  backwards  and  acutely  pointed  at  its  free 
distal  extremity,  while  the  former  is  modified  to  form  an  “ elastic  spring  ” mechanism. 
The  anterior  division  (tp.hi.)  has  an  oblique  origin  from  the  arch  of  the  complex  ver- 
tebra, continuous  behind  with  the  flat  but  much  stouter  root  of  the  posterior  division, 
and,  after  extending  slightly  forwards,  and,  at  the  same  time,  curving  downwards, 
becomes  bent  backwards  on  itself,  and  expanded  into  a flattened  and  somewhat  semi- 
circular plate,  the  posterior  surface  of  which  is  directed  backwards  and  a little 
upwards  (fig.  67).  The  anterior  face  of  the  plate  is  strengthened  by  a stout  projecting 
process  which  extends  forwards  and  upwards  over  the  inferior  limb  of  the  post- 
temporal (pt.i.),  and  probably  serves  for  the  insertion  of  the  protractor  muscle  of  the 
mechanism.  From  their  position  and  the  direction  of  their  faces  these  plates  must 
have  been  applied  to  the  lateral  portions  of  the  anterior  wall  rather  than  to  the 
antero -lateral  or  lateral  walls  of  tlie  anterior  chamber  as  is  the  case  with  Aucheni- 
jJteritsP  The  transverse  processes  of  the  fifth  vertebra  {tp:’)  articulate  with  the  basal 
portions  of  the  posterior  divisions  of  the  preceding  processes  by  irregular  inter- 
digitating  sutures,  but  otherwise  form  long  triangular  structures,  directed  obliquely 

* With  regard  to  the  terminal  plates  of  the  mechanism  and  their  relations  to  the  wall  of  the  anterior 
chamber,  it  will  be  seen  from  the  following  extract  from  Sorknsen’s  more  recent  paper  (37,  p.  140),  that 
Nj/nodoniis  closely  agrees  with  Doras; — “Chez  le  genre  Synodontis,  le  disqne  pen  4pais  du  ressort  est 
nne  ossification  de  la  couche  exteme  de  la  membrane  externe  ; la  couche  interne  est  ici  assez  mince  ot 
s’etend  le  long  de  la  face  interne  (posterieure)  dn  disqne,  dont  elle  est  separee  par  nne  masse  epaisse 
gelatineuse  d’une  natnre  particiiliere.” 
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backwards  and  pointed  at  their  free  distal  extremities.  Those  belonging  to  the  sixth 
vertebra  are  widely  separated  from  the  foregoing,  and  carry  the  first  pair  of 

ribs.  As  the  transverse  process  of  the  fourth  vertebra  contributes  nothing  to  the 
support  of  the  pectoral  girdle,  the  inferior  limb  of  tlie  post-temporal  (pt.i.)  is  un- 
usually massive,  and  articulates  internally  with  an  equally  stout  outgrowth  from  the 
lateral  surface  of  the  basioccipital.  For  the  same  reason,  and  as  in  Auchenipterus 
and  Oxydoras,  the  ascending  process  of  the  same  bone  has  an  extensive  and  intimate 
articulation  with  the  dermal  nuchal  plates,  and  with  the  skull. 

The  tripus  is  normal.  The  crescentic  process  (tr.c.)  rests  upon  the  flexible  root  of 
the  “elastic-spring”  of  its  side,  and  describes  a somewhat  sharp,  inward,  and  down- 
ward curvature  along,  and  in  contact  with  the  contiguous  lateral  surface  of  the 
complex  centrum.  The  posterior  margin  of  the  process  is  deeply  grooved  for  the 
attachment  of  the  converging  fibres  of  the  dorsal  wall  of  the  anterior  chamber,  while 
its  ventral  surface  is  traversed  by  an  exceptionally  well-marked  ventral  ridge.  The 
depth  of  the  groove  and  the  strength  of  the  ridge  suggest  that  the  air-bladder  of 
this  species  is  furnished  with  unusually  stout  walls.  It  is  not  so  obvious  as  in 
Auchenipterus  and  Oxijdoras  that  the  movements  of  the  tripodes  in  Synodontis  can, 
to  any  great  extent,  be  limited  or  controlled  by  the  action  of  the  “ elastic-spring  ” 
apparatus.  Except  that  the  ascending  process  is  very  short  the  scaphium  is  normal. 
The  intercalarium  is  a small  oblong  nodule  in  the  usual  position. 

Group  : — Ehinoglanina. 

Callomystax  gagata. 

In  this  Indian  Siluroid,  we  again  meet  with  an  example  of  that  abnormal  type  of 
air-bladder  in  which  the  organ  is  longitudinally  constricted  into  two  simple  lateral 
air-sacs,  and  more  or  less  completely  enclosed  within  bony  capsules  formed  by  the 
modified  transverse  processes  of  certain  of  the  anterior  vertebrae.  But  although 
Callomystax  bears  a general  resemblance  to  such  Siluroids  as  Glyptosternum,  Bagarius, 
and  others,  in  these  respects  it  is,  nevertheless,  not  without  certain  noteworthy 
peculiarities  of  its  own.  It  is  this  species  that  possesses  the  peculiar  modification  of 
the  confluent  spinous  processes  of  the  fourth  and  fifth  vertebrm,  and  the  first  and 
second  interspinous  bones  of  the  dorsal  fin  to  form  a stridulatiiig  mechanism,  which 
has  already  been  described  by  one  of  us.'"‘  Beyond  a brief  reference  to  the  air- 
bladder  by  Day  (9),  who  includes  the  genus  under  the  name  Gagata,  in  his  list 
of  those  Indian  Silurldse,  in  which  the  organ  is  said  to  be  partially  or  completely 
surrounded  by  bone,  we  are  not  aware  of  any  recorded  observations. 

The  complex  and  fifth  vertebrae  are  rigidly  connected  with  each  other  by  the 

* A.  C.  Haddon,  “ On  the  stridulating  apparatus  of  Callomystax  gagata.” — ‘ Journ.  Anat.  and 
Phj&iol.,’  vol.  15,  p.  322  (17a). 
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anchylosis  of  their  neural  arches  and  spines,  and  also  with  the  skull  by  the  firm 
sutural  union  of  the  arch  and  spine  of  the  third  vertebra  with  the  supraoccipital  and 
the  exoccipitals,  and  by  a similar  union  of  the  transverse  processes  of  the  fourth 
vertebra  with  the  post-temporals.  The  body  of  the  first  vertebra  (fig.  70,  y.^)  is 
unusually  small,  being  represented  by  a thin  discoidal  bone  firmly  wedged  in  between 
the  basioccipital  and  the  complex  centrum.  Its  ventral  surface  is  visible  externally, 
but  dorsally  the  centrum  is  partially  excluded  from  the  floor  of  the  neural  canal  by 
the  conjoined  margins  of  the  complex  centrum  and  basioccipital.  The  complex 
centrum  (c.c.)  is  more  than  twice  the  length  of  the  centrum  of  the  fifth  vertebra 
which  in  turn  is  but  a little  larger  than  one  of  the  succeeding  free  normal  centra. 
The  sixth  vertebra  is  normal  and  freely  movable  on  the  foregoing.  Owing  to  tlie 
width  of  the  intervertebral  ligament  between  the  fifth  and  sixth  centra,  and  the 
complete  freedom  of  the  arch  and  spine  of  the  latter,  there  is  considerable  lateral 
and  vertical  mobility  betw^een  the  sixth  and  remaining  trunk  vertebrae  and  the  fifth 
and  preceding  vertebrae. 

The  spinous  processes  of  the  third,  fourth,  and  fifth  vertebrae  (fig.  G8,  7i.s.^,  n.s.^, 
and  n.s.^)  are  confluent,  and  together  form  a high,  laterally  compressed  lamina  of  bone, 
with  an  oblique  backwardly  projecting  posterior  margin,  a dorsal  edge  which  is  some- 
what rounded  behind  but  slopes  downwards  in  front,  and  a relatively  short  anterior 
margin.  The  anterior  portion  of  the  plate,  representing  the  spine  of  the  third 
vertebra,  is  inclined  forwards  and,  with  the  neural  arch  with  w^hich  it  is  continuous 
inferiorly,  firmly  articulates  with  the  supraoccipital  and  exoccipitals,  and  also  along 
its  dorsal  border  with  a descending  process  derived  from  the  supraoccipital  spine 
{s.o}).  The  posterior  section  of  the  lamina,  representing  the  spines  of  the  fourth  and 
fifth  vertebrae,  and  separated  from  the  anterior  by  a well  marked  semicircular  notch 
in  the  dorsal  margin,  is  longitudinally  cleft  to  its  root  into  two  thin  opposed  plates"' 
separated  by  an  interval  sufficiently  wide  to  receive  the  modified  first  and  second 
interspinous  bones  of  the  dorsal  fin  (^.s.,^  and  The  inner  surface  of  each  of  the 

two  opposed  plates  is  transversed  by  a series  of  closely  set,  vertically  arranged  and 
parallel  ridges  while  the  first  interspinous  bone  is  similarly  ridged  on  both  its  surfaces 
like  a double  file.  The  vertical  flexure  of  the  sixth  and  succeeding  vertebrae  on  the 
anterior  rigidly  interconnected  vertebrae  will  necessarily  cause  the  ridges  on  the 
interspinous  bone  to  scrape  against  those  on  the  inner  surfaces  of  the  cleft  neural 
spines,  and  therefore  probably  lead  to  the  production  of  more  or  less  acute  voluntary 
sounds. 

The  transverse  processes  of  the  fourth  and  fifth  vertebrae  combine  on  each  side  to 
form  a hollow,  transversely  disposed  and  somewhat  shallow  bony  funnel,  the  mouth 
of  which  is  slightly  expanded  and  closed  only  by  the  lateral  cutaneous  area  of  its 

* In  the  paper  on  the  stridulating  mechanism  referred  to  above  the  two  plates  are  said  to  bo  formed 
by  the  vertical  division  of  the  neural  spines  of  the  coalesced  anterior  vertebrae,  but  more  precisely,  and 
as  here  stated,  they  represent  the  confluent  and  cleft  spines  of  the  fourth  and  fifth  vertebrae. 
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side,  while  the  somewhat  contracted  proximal  extremity  is  continuous  with  the 
centra  and  neural  arches  of  the  vertebrae  in  question  (fig.  68).  The  greatly  expanded 
transverse  process  of  the  fom-th  vertebra  (figs.  68  and  70,  t.])}),  which  forms  the 
greater  part  of  each  funnel,  is  tilted  upwards  and  its  anterior  margin  bent  downwards 
in  close  contact  with  the  inferior  limb  of  the  post-temporal  (fig.  70,  'pt.i.),  and  then 
backwards,  so  as  almost  to  meet  the  anterior  edge  of  the  transverse  process  of  the 
fifth  vertebra,  thereby  forming  the  anterior  and  ventral  as  well  as  the  dorsal  walls  of 
tlie  funnel.  The  recurved  lamina  forming  the  incomplete  ventral  wall  (fig.  70, 
is  extremely  thin  besides  being  interrupted  by  two  considerable  vacuities  which  are 
normally  filled  in  by  a thin  but  tough  fibrous  membrane.  Its  outer  edge  forms  the  lower 
lip  of  the  mouth  of  the  funnel  (fig.  68),  and  its  inner  margin  is  confluent  with  the 
ventro-lateral  edge  of  the  complex  centrum  (fig.  70),  so  that  what  is  a cleft  for  the 
passage  of  the  tripus  from  the  air-bladder  to  the  scaphium,  in  Bagarius  and  Glypto- 
steryium,  becomes  converted  into  a complete  foramen  in  Callomystax.  The  bony 
margins  of  the  two  vacuities,  as  well  as  the  inferior  lip  of  the  distal  opening  of  the 
funnel,  have  a peculiar  indentated  or  crenulated  outline.  The  posterior  margin  of  the 
transverse  process  is  also  decurved  (fig.  68)  and  articulates  by  an  almost  obliterated 
suture  with  the  dorsal  surface  of  the  transverse  process  of  the  fifth  vertebra  (t.p.^),  and, 
with  the  latter,  forms  the  posterior  wall  of  the  funnel.  It  will  be  apparent,  therefore) 
that  the  transverse  process  of  the  fourth  vertebra  constitutes  the  dorsal,  anterior 
ventral,  and  part  of  the  posterior  wall  of  each  funnel,  while  the  transverse  process 
of  the  fifth  vertebra  completes  the  posterior  wall,  and  further,  that  the  cavity  of  the 
funnel  is  closed  distally  by  the  corresponding  lateral  cutaneous  area,  and  proximally 
by  the  lateral  surface  of  the  complex  centrum,  except  at  its  antero-internal  extremity 
where  a small  foramen  admits  of  the  passage  of  the  tripus  from  the  interior  of  the 
funnel  to  its  connection  with  the  scaphium  anteriorly.  The  transverse  process  of  the 
fifth  vertebra  (figs.  68  and  70,  t.p.^)  is  unusually  long  and  massive,  with  a slight 
ventral  inclination.  Its  dorsal  surface  suturally  articulates  with  the  decurved 
posterior  margin  of  the  preceding  process,  but  its  anterior  margin  is  separated  by  a 
vacuity  from  the  ventral  wall  of  the  funnel  (fig.  70). 

The  otherwise  imperfect  ventral  wall  of  each  funnel  is  completed  by  a thin  fibrous 
membrane  which  extends  between  the  crenulated  margin  of  the  transverse  process  of 
the  fourth  vertebra  and  the  anterior  margin  of  the  transverse  process  of  the  fifth 
vertebra,  and  is  also  continued  across  the  ventral  surface  of  the  complex  centrum 
from  one  funnel  to  the  other.  There  is  no  trace  of  the  peculiar  ventral  processes  of 
Bagarius,  Glyptoslernum,  or  Clarias. 

The  superficial  ossifications  do  not,  to  any  obvious  extent,  thicken  the  lateral 
surfaces  of  the  centra  of  the  complex  and  fifth  vertebrne,  nor  do  they  form  an  aortic 
groove  or  canal,  although  as  a thin  layer  of  bony  deposit  they  obliterate  any  external 
indication  of  the  intervertebral  suture  between  the  two  centra,  except  on  the  ventral 
surface.  At  the  inner  extremity  of  each  funnel-shaped  recess,  and  near  the  inner  lip 
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of  the  foramen  through  which  the  tripus  is  connected  with  the  scaphium,  there  is  a 
small  radial  nodule  attached  to  ‘the  lateral  surface  of  the  complex  centrum.  No 
dorsal  laminae  could  be  made  out,  nor  any  obvious  grooves  for  the  posterior  cardinal 
veins. 

The  stem  and  ascending  process  of  each  post-temporal  (fig.  68.  pt.s.  and  pt.a.)  have 
a somewhat  curved  posterior  margin  which  strengthens,  and  to  some  extent  deepens, 
the  mouth  of  the  funnel  at  its  anterior  and  dorsal  edges.  The  inferior  limb  (fig.  70, 
pt.i.)  has  the  usual  articulation  with  the  lateral  surface  of  the  hasioccipital,  and  for  a 
part  of  its  extent  is  firmly  applied,  if  not  actually  anchylosed,  to  the  anterior  wall  of 
the  funnel.  The  socket  for  the  clavicle  (cl.s.)  is  formed  by  a groove  between  the 
stem  and  inferior  limb  of  the  post-temporal,  which  is  completely  closed  posteriorly  by 
the  distal  margin  of  the  anterior  wall  of  the  funnel-like  transverse  process. 

As  in  Glyptosternum  and  Auchenipterus  the  outer  surface  of  each  auditory  capsule 
is  marked  by  a deep  cup-shaped  depression. 

The  air-bladder  (figs.  68  and  70,  a.s.)  is  reduced  to  the  condition  of  two  thin- 
walled,  laterally  situated  air-sacs,  which  occupy  the  cavities  of  their  respective  bony 
funnels.  Each  sac  is  nearly  spherical  in  shape  but  slightly  contracted  at  the  inner 
extremity  where  it  is  in  relation  with  the  tripus.  Laterally,  the  sac  bulges  outwards 
into  the  wider  portion  of  its  funnel  and  has  its  outer  wall  nearly,  if  not  actually,  in 
contact  with  the  inner  surface  of  the  adjacent  lateral  cutaneous  area.*  In  fresh 
specimens,  or  when  the  air-sacs  are  not  shrunken  by  the  action  of  preservative  fluids, 
it  is  probable  that  the  two  sacs  are  closely  and  extensively  applied  to  these  areas. 
Each  sac  is  sufficiently  large  to  be  in  close  contact  on  all  sides,  except  the  outer  wall, 
with  the  inuer  surface  of  its  investing  bony  capsule,  but  with  the  exception  of  the 
inner  wall  no  fibrous  connection  between  the  two  could  with  certainty  be  made 
out.  In  one  of  our  two  specimens  of  Callomystax  we  noticed  that  the  two  air-sacs 
were  not  symmetrically  developed.  The  one  on  the  right  side  had  extremely  thin 
and  almost  transparent  walls,  and  appeared  also  to  be  somewhat  the  larger  of  the 
two,  its  outer  wall  being  closely  applied  to  the  lateral  cutaneous  area  of  its  side. 
The  left  sac  had  much  thicker  and  more  opaque  walls,  and,  from  its  smaller  size,  the 
outer  wall  was  widely  separated  from  the  external  skin. 

We  could  discover  no  communicafion  between  the  two  air-sacs,  neither  were  we 
able  to  detect  any  trace  of  a ductus  pneumaticus. 

An  examination  of  the  structure  of  the  walls  of  tlie  two  sacs  at  once  shows  that  in 
the  arrangement  of  their  component  fibres,  and  in  the  relations  of  the  latter  to  the 
tripodes,  each  sac  is  substantially  similar  to  the  lateral  half  of  an  anterior  chamber 
in  a normal  air-bladder.  The  crescentic  process  of  the  tripus  is  imbedded  in  the  dorsal 
wall  of  the  sac  near  to  its  anterior  and  inner  extremity,  and  the  fibres  radiating  from 
the  convexitv  of  the  process  form,  as  usual,  an  inner  and  an  outer  stratum.  The 

* The  antcro-posterior  extent  of  each  sac  was  8 mm.,  and  the  width  7'5  mm.  The  length  of  tlio 
Fish  itself  was  6 inches. 
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fibres  of  the  outer  stratum  pursue  the  normal  curvilinear  course  in  passing  from  the 
tripus  into  the  dorsal,  aritero-lateral,  and  lateral  or  outer  walls  ; the  fibres  of  the  inner 
stratum  have  exactly  the  same  attachment  and  distribution,  but  radiate  directly  out- 
wards from  the  tripus.  The  two  strata  are  of  uniform  thickness  over  the  greater  part 
of  the  dorsal  wall  of  each  sac,  and  together  may  be  taken  as  representing  one  of  the 
triangular  sheets  of  a normal  anterior  chamber,  but  along  a somewhat  sharply  defined 
line  extending  from  the  posterior  or  inner  extremity  of  the  crescentic  process  of  the 
tripus,  obliquely  outwards  and  backwards  to  the  outer  margin  of  the  posterior  wall  of 
the  sac,  the  dorsal  wall  becomes  extremely  thin,  resuming,  however,  its  normal  thickness 
as  it  subsequently  extends  downwards  to  form  the  posterior  wall.  This  thin  area 
probably  corresponds  to  one  half  of  the  thin  medio-dorsal  portion  of  the  tunica 
externa  in  a normal  and  undivided  anterior  chamber,  and  both  it  and  the  dorsal  edge 
of  the  posterior  wall  appeared  to  be  slightly  adherent  to  the  skeleton  along  an  oblique 
line  coincident  with  the  posterior  margin  of  the  transverse  process  of  the  fourth 
vertebra.  This  adhesion  of  the  posterior  wall  to  the  skeleton  is  evidently  the 
equivalent  of  the  dorsal  attachment  of  the  primary  transverse  septum  in  the  normal 
bladder.  The  fibres  forming  the  inner  wall  of  each  sac  are  attached  dorsally  to  the 
feebly  developed  radial  nodule,  and,  towards  the  anterior  wall,  to  the  ventral  surface 
of  the  tripus  near  the  root  of  its  crescentic  process ; these  fibres  represent  what  in 
other  Siluroids  we  have  termed  the  “ anterior  pillars.”  Radial  fibres  converge  from 
the  crescentic  process  to  the  radial  nodule  in  the  usual  manner. 

The  tripus  occupies  its  normal  position  along  the  side  of  the  complex  centrum  ; 
its  anterior  jjrocess,  which  is  much  the  longest,  is  connected  by  a short  interossicular 
ligament  with  the  convex  outer  surface  of  the  scaphium ; the  articular  process  is  very 
slender  and  directed  obliquely  backwards  to  an  articular  pit  on  the  lateral  surface  of 
the  complex  centrum.  Unlike  most  other  abnormal  Siluridae,  the  crescentic  process 
retains  its  normal  shape  and  curvature.  For  the  terminal  part  of  its  course  the 
process  is  bent  downwards  in  contact  with  the  side  of  the  complex  centrum  ; the  root 
of  the  process  passes  through  a foramen  at  the  antero-internal  extremity  of  the 
osseous  funnel,  and  anteriorly  to  the  foramen  gives  off  the  articular  process  from  its 
inner  margin,  and  is  then  prolonged  forwards  as  the  anterior  process.  The  scaphium 
consists  of  spatulate  and  condylar  processes  only,  the  ascending  process  being  entirely 
suppressed.  The  spatulate  process  lies  at  the  bottom  of  a deep  notch  in  the  posterior 
margin  of  the  exoccipital  and,  as  in  GlyptosteriiuDi,  projects  so  much  inwards  as  to 
lie  on  the  dorsal  surface  of  the  basioccipital  within  the  cranial  cavity.  The  inter- 
calarium  is  a minute  nodule  of  bone  imbedded  in  the  interossicular  ligament.  We 
could  detect  no  trace  of  claustra. 

The  cavum  sinus  imparis  and  its  atrial  diverticula  are  certainly  normal,  and  we  had 
no  difficulty  in  detecting  a tranversely  disposed  ductus  endolymphaticus,  but  we 
were  unable  to  arrive  at  any  satisfactory  conclusion  as  to  the  presence  or  absence  of 
a sinus  endolymphaticus. 
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From  their  thinness  and  partial  translucency  the  lateral  and  cutaneous  areas 
(fig.  69,  l.c.a.)  are  readily  noticed  in  an  external  view  of  the  Fish.  Each  area  is 
bounded  by,  and  adherent  to,  the  post-temporal  in  front,  the  upper  lip  of  the  mouth 
of  the  osseous  funnel  above,  and  the  lower  lip  of  the  funnel  and  the  distal 

extremity  of  the  transverse  process  of  the  fifth  vertebra  below.  The  lateral  line 
canal  {l.l.c.),  with  its  protective  tubular  ossicles,  crosses  the  upper  margin  of  each 
area. 


Gkoup  Malapteruhina. 

Malapterurus  electi'iciis. 

G.  St.  Hilaire  and  Johannes  Muller  have  referred  to  the  air-bladder  of  this 
species.  The  former  in  his  work  on  Egypt  (35)  gives  a brief  description  of  the  external 
appearance  of  the  organ  which  he  also  figures  {loc.  cit.,  Plate  12,  fig.  4),  while  Miiller 
(28)  simply  includes  Malapterurus  among  those  Siluridse  in  which  he  had  found  an 
“elastic-spring”  apparatus.  Sorensen  (36)  has  also  figured  the  air-bladder,  and  in 
a recent  paper  (37)  has  described  the  mode  of  formation  of  the  terminal  plates  of  the 
“ elastic  springs.”  The  promise  of  an  anatomical  investigation  of  Malapterurus  by 
the  late  Professor  Goodsir,  referred  to  by  Murray  in  his  “ Remarks  on  the  Natural 
History  of  Electric  Fishes  ” (28a),  was  fulfilled  by  Dr.  Cleland  (6a). 

The  complex  and  fifth  vertebrse  are  firmly  connected  together  by  investing  super- 
ficial ossifications,  as  well  as  by  the  partial  anchylosis  of  them  neural  arches  and 
spines.  Their  centra  are  nearly  equal  in  size,  that  belonging  to  the  complex  vertebra 
being  but  a trifle  the  longer  of  the  two.  The  body  of  the  first  vertebra  is  very  feebly 
developed  in  the  form  of  a thin,  wafer-like  bone,  wedged  in  between  the  basioccipital 
and  complex  centrum.  In  correlation  with  the  absence  of  a dorsal  fin  the  anterior 
neural  spines  are  very  short,  and  none  are  cleft  for  the  support  of  interspinous  bones. 
The  arch  and  short  spine  of  the  third  vertebra  (fig.  72,  n.s.^)  are  inclined  forwards 
towards  the  snpraoccipital  and  exoccipitals,  and  connected  therewith  by  a considerable 
amount  of  intercalated  cartilage.  The  spine  of  the  fourth  vertebra  is  almost  obsolete, 
and  that  of  the  fifth  {n.s})  is  but  feebly  developed,  serving  merely  to  buttress  the  much 
stronger  spine  of  the  sixth  vertebra.  The  sixth  vertebra  itself  is  quite  free,  both  as 
regards  its  centrum,  arch,  and  spine. 

Each  of  the  transverse  processes  of  the  fourth  vertebra  is  cleft  to  its  root  into 
distinct  anterior  and  posterior  divisions  (fig.  72).  The  former  [t.p.hi.)  has  an  extremely 
thin  but  highly  elastic  root,  which  grows  out  from  the  neural  arch  of  the  complex 
vertebra,  and  at  its  origin  is  slightly  oblique  in  a direction  from  below  upwards  and 
backwards.  x\fter  a slight  ventral  flexure  the  elastic  root  expands  at  its  distal 
extremity  into  a very  thin,  transversely-disposed  oval  plate  of  extremely  brittle  bone, 
which  is  closely  applied  to  the  outer  portion  of  the  anterior  wall  of  the  air-bladder 
rather  than  to  the  antero-lateral  region,  the  two  surfaces  of  the  plate  looking 


174 


PROFESSORS  T.  W.  BRIDGE  AND  A,  C.  HADDON 


directly  forwards  and  backwards  respectively.  The  posterior  face  of  each  plate  is 
faintly  concave,  the  anterior  very  slightly  convex.  The  protractor  muscle  of  this 
“ elastic-spring  ” mechanism  has  an  origin  and  an  insertion  precisely  similar  to  the 
corresponding  muscle  in  Auchenipterus,  and  the  effect  of  its  contraction  will  be  to 
pull  the  oval  plate  directly  forwards  towards  the  inferior  limb  of  the  post-temporal. 
The  forward  movement  of  each  plate  is  confined  within  certain  definite  and  com- 
paratively restricted  limits  by  a projecting  process  of  bone  which  grows  out  from  the 
anterior  surface  of  the  elastic  root  and  extends  towards,  but  without  quite  reaching, 
a facet  on  the  anterior  margin  of  the  arch  of  the  complex  vertebra,  immediately  in 
front  of  the  foramen  for  the  exit  of  the  roots  of  the  fourth  spinal  nerve  (fig.  72, 
sp.n.^^).  The  forward  movement  of  the  plate  on  the  contraction  of  its  protractor 
muscle  (pt.m.)  will  soon  bring  the  process  and  the  facet  into  direct  contact,  and  any 
further  movement  in  the  same  direction  will  be  at  once  checked.  The  posterior 
division  of  the  transverse  process  (t.p.^p.)  is  somewhat  expanded  but  not  decurved, 
and  its  root  partially  coalesces  with  the  more  slender  transverse  process  of  the  fifth 
vertebra  {t.p.^).  Both  processes  have  their  ventral  surfaces  adapted  to  the  convex 
dorsal  side  of  the  anterior  compartment  of  the  air-bladder.  The  transverse  processes 
of  the  sixth  vertebra  are  long  and  slender,  with  short  ribs  {r.')  at  their  distal 

extremities.  It  is  interesting  to  remark  that,  although  each  of  the  transverse 
processes  of  the  fourth  vertebra  is  modified  to  form  an  “ elastic-spring  ” mechanism, 
it  differs  less  from  a normal  process  than  is  the  case  with  either  Oxydoras  or 
Auc]icnip)terus,  and  in  tliis  respect  more  closely  resembles  the  only  other  African 
Siluroid  {Synodontis)  in  which  this  mechanism  is  known  to  exist.  Not  only  does  the 
process  retain  its  characteristic  anterior  and  posterior  divisions,  but  the  former  more 
nearly  resembles  a normal  and  Inelastic  anterior  division  in  its  relations  to  the 
anterior  wall  of  the  air-bladder. 

Superficial  ossifications  invest  and  greatly  thicken  the  sides  of  the  complex  and 
fifth  vertebral  centra,  their  free  ventral  margins  forming  the  lateral  boundaries  of  a 
well-marked  aortic  groove.  Anteriorly  each  ossification  terminates  in  a lateral  out- 
wardly projecting  ridge  coincident  with  the  anterior  margin  of  the  complex  centrum, 
and  at  the  dorsal  extremity  of  each  ridge  there  is  a small  but  distinct  radial  nodule 
suturally  attached  to  the  side  of  the  centrum.  From  each  nodule  a slender  splint- 
like dorsal  lamina  passes  ventrad  to  the  posterior  cardinal  vein,  and  eventually  fuses 
with  an  oblique  outwardly  directed  ridge  on  the  ventral  surface  of  the  posterior 
division  of  the  transverse  process  of  the  fourth  vertebra,  but  for  the  remainder  of  its 
extent  the  channel  for  the  cardinal  vein  is  a deep  groove  between  the  thickened 
dorsal  edge  of  each  superficial  ossification  and  the  overlying  roots  of  the  transverse 
processes  of  the  fourth  and  fifth  vertebra).  Posteriorly  the  superficial  ossifications 
terminate  in  oblique  thickenings,  the  ventral  extremities  of  which  are  very  similar  to 
accessory  articular  processes,  and  overlap  the  anterior  margin  of  the  centrum  of  the 
sixth  vertebra. 
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The  relatively  feeble  development  of  the  shoulder-girdle  in  Malapterurus,  and  the 
laxity  of  its  connection  with  the  skull,  are  obviously  correlated  with  the  absence  of 
the  large  pectoral  spines  which  are  so  characteristic  of  most  other  Siluridee.  The 
post-temporal  is  but  loosely  connected  with  the  skull,  its  ascending  process  being 
movably  connected  with  the  pterotic  and  epiotic  bones  by  ligament,  while  the 
articulation  of  the  inferior  limb  with  the  basioccipital  is  of  a similar  character.  The 
clavicular  groove  is  so  slight  as  scarcely  to  deserve  the  name  of  socket,  the  connection 
of  the  clavicle  and  post-temporal  being  mainly  effected  by  strong  ligamentous  fibres. 

The  air-bladder  (fig.  71)  consists  of  two  divisions,  a relatively  small  anterior  one, 
which  represents  a normal  bladder,  and  is  divided  into  an  anterior  {a.c.)  and  two  lateral 
(Z.c.)  compartments  by  a primary  transverse  {t.s.)  and  a longitudinal  {l.s.)  septum  ; 
and  a somewhat  larger  posterior  sac  (p.c.),  oval  in  shape,  and  extending  backwards  in 
the  abdominal  cavity  nearly  as  far  as  the  anus.  A contracted  tubular  portion  connects 
the  two  divisions,  and  the  longitudinal  septum  {l.s.),  which  separates  the  two  lateral 
compartments  anteriorly,  extends  also  through  the  tubular  isthmus  and  the  posterior 
sac,  and  subdivides  the  cavity  of  the  latter  into  a right  and  left  chamber.  The 
posterior  sac  {p.c.)  has  the  shape  of  a much  elongated  oval ; its  walls  are  moderately 
thick,  but  strengthened  internally  by  a number  of  transversely  arranged  circular 
fibrous  ridges  which  project  freely  into  the  cavity  of  each  of  its  chambers.  The 
anterior  division  of  the  bladder  is  somewhat  cordate  in  shape,  a deep  notch  in  the 
median  line  of  its  anterior  wall  partially  dividing  it  into  two  laterally  and  forwardly 
bulging  halves.  The  transverse  septum  {t.s.)  is  rather  narrow,  but  widens  out  to 
some  extent  before  blending  with  the  ventral  wall  of  the  bladder.  The  anterior 
chamber  {a.c.)  is  greatly  constricted  longitudinally  in  the  median  line,  first,  by  the 
deep  notch  in  its  anterior  wall,  and,  secondly,  by  the  unusual  prominence  of  the 
medio-dorsal  ridge  which  results  from  the  impression  of  the  subvertebral  keel ; hence 
it  is  that  the  lateral  halves  of  the  chamber  intercommunicate  by  a comparatively 
small  aperture.  Both  the  anterior  and  lateral  compartments  have  relatively  thin 
walls,  and  the  latter  exhibit  no  trace  of  secondary  transverse  septa. 

In  the  disposition  of  the  fibres  forming  the  walls  of  the  anterior  chamber,  and  in 
their  relations  and  attachments  to  fixed  or  movable  portions  of  the  skeleton, 
Malapterurus  differs  in  no  essential  feature  from  Macrones.  The  skeletal  insertions 
of  the  posterior  pillars  are  shown  in  fig.  71  {p-p.).  The  dorsal  portion  of  the  primary 
transverse  septum  {t.s.)  splits  beneath  the  centrum  of  the  fifth  vertebra  into  two 
diverging  bundles  of  fibres,  which  pass  dorsally,  one  on  each  side  of  the  centrum, 
and  eventually,  after  curving  forwards  into  the  dorsal  wall  of  the  anterior  chamber, 
become  firmly  attached  to  the  lateral  surfaces  of  the  complex  centrum,  to  the 
posterior  margins  of  the  dorsal  laminae,  and  to  the  prolongations  of  the  latter  on  to  the 
ventral  surfaces  of  the  transverse' processes  of  the  fourth  vertebra.  Unlike  Oxydoras 
and  Auchenipterus,  the  walls  of  the  anterior  chamber  are  not  specially  thin  where 
the  oval  plates  of  the  “ elastic-spring  ” mechanism  are  applied  to  them.  A transverse 
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membrane,  with  skeletal  attachments  in  every  way  similar  to  those  of  the  corresponding 
structure  in  Auclienipterus,  invests  the  proper  anterior  wall  of  the  bladder. 

With  reference  to  the  mode  of  growth  of  the  terminal  plates  of  the  “elastic- 
spring” apparatus,  Sorensen  says  (37,  p.  140);  “Chez  le  genre  Malapterurus,  le 
disque  mince  du  ressort  n’est  pas  une  ossification  de  la  vessie  natatoire  (car  on  pent 
en  suivre  la  membrane  externe  le  long  de  sa  surface  post^rieure  concave),  mais 
seulement  de  la  plevre,  qui  est  tres  6paisse  et  tres  ferme  en  avant,  a cote  de  la  partie 
anterieure  de  la  vessie  natatoire.”  The  plates  are  not,  therefore,  to  be  regarded  as 
ossifications  of  any  portion  of  the  tunica  externa,  but  of  the  transverse  membrane  only. 

The  Weberian  ossicles  require  no  special  description.  The  scaphlum  has  a long 
and  slender  ascending  process,  in  addition  to  spatulate  and  condylar  processes.  The 
intercalariurn  is  a small  nodule  of  bone  in  the  interossicular  ligament.  The  crescentic 
process  of  the  tripus  curves  gradually  downwards  and  inwards  from  its  root  towards, 
and  in  contact  with,  the  lateral  surface  of  the  complex  centrum.  Claustra  are 
present  and  occupy  their  usual  position,  one  on  either  side  of  the  foramen 
magnum. 

We  could  detect  no  deviation  from  the  normal  type,  either  in  the  structure  of  the 
membranous  labyrinth  of  the  internal  ear,  or  in  the  structure  and  mode  of  formation 
of  the  cavum  sinus  imparis  and  atrial  cavities. 

The  dorso-lateral  and  ventro-lateral  muscles  of  the  trunk  diverge  so  slightly  that 
special  lateral  cutaneous  areas  can  hardly  be  said  to  exist. 

Mala pterurus  henineyisis. 

From  Cleland’s  account  (Ga)  it  may  be  inferred  that  this  species  closely  resembles 
M.  electricus.  except  that  the  intercalariurn  is  said  to  be  absent. 

Sub-Family  SILURID^  ANOMALOPTERiE. 

Group  : — Hypoptithalmina. 

Hypophthalmiis  marginatus. 

Ramsay  Wright  (44)  has  given  an  account  of  the  air-bladder  and  anterior 
vertebrae  of  this  aberrant  Siluroid.  To  admit  of  comparison  with  other  types,  a brief 
statement  of  his  results  may  not  be  out  of  place,  more  particularly  as  Hypophtlialmus 
exhibits  a remarkably  abnormal  condition  of  these  structures,  and  is,  moreover,  one 
of  the  nine  genera  of  Siluridm  in  which  Johannes  Muller  denied  the  existence  of 
an  air-bladder. 

Complete  anchylosis  has  taken  place  between  the  conjoined  anterior  vertebrae  from 
the  first  to  the  fifth  inclusive.  These  vertebrae  apparently  form  a “ complex,”  which 
represents  not  only  the  complex  vertebrae  of  other  Siluroids,  but  the  first  and  fifth 
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US  well,  and  except  for  a partial  intervertebral  suture  between  the  fourth  and  fifth, 
are  indistinguishably  fused  together.  Each  of  the  transverse  processes  of  the  fourth 
vertebra  is  said  by  Eamsay  Wright  to  consist  of  a dorsal  and  a ventraP'  lamina, 
the  former  having  its  origin  from  the  neural  arch  and  the  latter  from  the  centrum 
of  the  complex  vertebra.  The  two  plates  approximate  and  face  posteriorly,  but 
remain  widely  separated  anteriorly  so  as  to  enclose  a cavity  between  them  which  is 
open  distally  in  the  dry  skeleton,  but  closed  in  front  by  the  bones  forming  the 
posterior  face  of  the  skull,  and  encloses  the  rudimentary  air-bladder.  Not  only  are 
the  skull  and  vertebral  column  firmly  anchylosed  together,  but  the  three  anterior 
vertebral  centra,  that  is  to  say,  the  first  and  the  anterior  portion  of  the  complex, 
and  those  parts  of  the  Weberian  mechanism  usually  associated  with  them,  including 
the  claustra,  scaphia,  intercalaria,  the  anterior  portions  of  the  tripodes,  the  saccus 
paravertebralis  and  the  atrial  cavities,  are  telescoped,  as  it  were,  on  to  the  upper 
surface  of  either  the  basioccipital  or  exoccipitals,  according  as  they  are  median  or 
paired  lateral  structures,  and  consequently  lie  altogether  within  the  hinder  jiart  of 
the  cranial  cavity.  The  centrum  of  the  first  vertebra  is  situated  on  the  cranial 
surface  of  the  basioccipital,  within  the  foramen  magnum,  and  on  the  dorsal  surface  of 
the  former  are  placed  the  two  atrial  cavities,  excavated  in  the  substance  of  a thick 
mass  of  dura  mater,  and  separated  from  each  other  by  a median  partition  of  the  same 
material.  The  roof  of  the  cavum  sinus  imparls  is  only  partially  ossified  as  a thin 
plate  of  bone  entirely  distinct  from  the  exoccipitals.  The  floor  of  the  cavum  is 
formed  by  the  basioccipital  and  exoccipitals,  but  in  consequence  of  the  forward  dislo- 
cation of  all  the  structures  concerned  the  scaphia  form  its  lateral  walls,  instead  of 
those  of  the  atrial  cavities,  as  is  the  case  with  nearly  all  other  Siluroids. 

A complete  series  of  Weberian  ossicles  is  present,  including  the  claustra,  but  no 
special  description  of  them  is  given. 

• The  air-bladder  is  completely’"  divided  into  two  laterally  situated  air-sacs,  each  of 
which  lies  in  the  cavity  enclosed  by  the  so-called  dorsal  and  ventral  lamina3  of  the 
corresponding  transverse  process  of  the  fourth  vertebra.  Each  sac  is  slightly  con- 
stricted in  the  middle,  and  while  the  outer  half  is  membranous,  the  inner  is  ossified 
in  such  a way  as  to  form  a bony  cup,  which  is  continuous  at  its  outwardly  directed 
free  margins  with  the  membranous  portion,  but  at  its  closed  base  is  confluent  with 
the  arch  and  centrum  of  the  complex  vertebra.  The  osseous  half  of  the  bladder  is 
evidently  the  result  of  the  ossification  of  the  tunica  e.xterna,  and  its  subsequent 
fusion  with  the  wall  of  the  neural  canal.  Internally  the  entire  bladder  is  lined  with 
tunica  interna.  A connection  between  the  hinder  end  of  the  tri[)us  and  the  meni- 

* \Vc  have  elsewhere  given  reasons  for  the  belief  that  the  so-called  ventral  lamina  is  really  no  part  of 
the  transverse  process,  but  ought  rather  to  be  reguKled  as  the  ctjuivalcnt  of  the  ventral  process  of 
llnyarius,  and,  like  the  latter,  probably  owes  its  formation  to  the  extension  of  ossihed  deposit  from  the 
superficial  ossifications  of  the  complex  centrum  into  the  venti'al  portion  of  the  superficial  coat  of  the 
air-bladder.  (See  Morphological  Summary,  p.  224). 
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branous  portion  of  the  bladder  could  still  be  traced.  No  communication  between  the 
two  air-sacs,  or  between  the  latter  and  the  oesophagus,  was  discovered. 

Although  Ramsay  Wright  mentions  and  figures  a transverse  ductus  endolym- 
phaticus  [loc.  cit.,  Plate  9,  fig.  10),  no  reference  is  made  to  the  presence  or  absence 
of  a sinus  endolymphaticus,  and  in  none  of  his  figures  of  sections  taken  through 
the  cavum  sinus  imparis  is  that  structure  represented  as  present.  It  would  certainly 
he  interesting  to  know  definitely  if  the  omission  is  really  due  to  the  absence  of  the 
sinus,  for  if  such  be  the  case  Hypophthalmus  must  be  included  with  Bagarius  and 
Glyptosternuin  as  an  additional  example  of  the  correlation  of  retrogressive  changes  in 
the  air-bladder  with  degeneration  of  that  portion  of  the  internal  ear  which  is  physio- 
logically related  to  the  bladder  through  the  Weberian  mechanism. 

Sub-Family  SILURID^  PROTEROPODES. 

Group  : — Hypostomatina. 

Tim  only  examples  of  this  singular  group  that  we  have  been  able  to  examine  were 
two  badly  preserved  specimens  of  Loricaria  catapliracta  and  Plecostomus  verres,  and 
a skeleton  of  Callichthys  littoralis.  We  are  therefore  only  able  to  confirm  the  general 
accuracy  of  Reissner’s  statements  with  reference  to  these  genera  and  to  supplement 
his  results  on  one  or  two  more  or  less  important  points.  With  these  exceptions  the 
only  other  Hypostomatous  Siluroid  about  which  anything  is  precisely  known  as  to 
the  condition  of  the  air-lfiadder  is  Rhhielcpis. 

A canthiv us  hystrix.^ 

For  our  knowledge  of  the  air-bladder  of  this  Siluroid  we  are  indebted  to  Rbissner’s 
valuable  paper  (82).  The  nomenclature  adopted  by  Reissneb.  is  somewhat  difficult 
to  follow,  and  in  giving  a brief  abstract  of  his  paper  we  shall  attempt  to  correlate  the 
terms  employed  by  him  with  those  used  by  us  so  as  to  facilitate  the  comparison  of 
Acanthicus  with  other  abnormal  Siluroids. 

Two  egg-shaped,  thin-walled,  osseous  capsules  are  found  one  on  each  side  of,  and 
confluent  with,  the  “first”  and  “second”  vertebrae.t  Each  cajisule  is  somewhat 
broader  in  front  than  behind,  with  a maximum  width  of  18  mm.  and  a length  of 
32  mm.  The  two  capsules  occupy  the  entire  width  of  the  anterior  portion  of  the 
abdominal  cavity,  and  to  a large  extent  superiorly  they  are  invested  by,  and 
anchylosed  to,  the  bones  which  form  the  })Osterior  part  of  the  cranial  shield.  The 
outer  and  anterior  aspect  of  each  capsule  is  prolonged  downwards  as  a “ processus 

* Rhinelepis  acanthicus,  Cuv.  and  Val. 

t According  to  Reissnek  tlie  “ .second  ” vertebra  carries  the  first  pair  of  ribs.  If  these  structures  are 
really  ribs,  tlie  vertebi’a  is  either  the  fifth  or  the  sixth,  but  if  they  are  merely  transverse  processes  it  is 
probably  the  fifth.  The  “ first  ” vertebra  is,  therefore,  a “ complex,”  and  includes  the  first  to  the  fourth 
vertebrae,  inclusive,  rvith  the  ])ossible  addition  of  the  fifth. 
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aiiricularis,”* * * §  while  the  ventral  surface  a little  behind  the  middle  of  the  capsule  is 
traversed  by  a deep  transverse  gi’oove  in  which  the  first  rih  lies.  Posteriorly  the  two 
capsules  are  somewhat  contracted  and  terminate  in  widely  separated  free  extremities. 
Certain  apertures  perforate  the  walls  of  each  capsule.  The  ventral  surface  of  the 
anterior  and  broader  portion  is  fenestrated  by  several  variously  sized  foramina.  A 
small  oval  foramen,  the  “ apertura  caj^sulae  osseae  interna  inferior,”  perfoi'ates  the 
antero-internal  inferior  wall.  A larger  foramen,  the  ap.  cap.  oss.  externa,  traverses 
the  anterior  portion  of  the  outer  wall  immediately  below  the  postero-lateral  cranial 
plates.t  One  or  two  channels  also  perforate  the  “ processus  auricularis,”  and,  like  all 
the  preceding  ones,  communicate  with  the  interior  of  the  osseous  capsule.  From  the 
apertura  capsulae  osseae  interna  inferior  a slight  groove  extends  on  to  the  internal 
surface  of  the  inner  wall  of  the  capsule  in  a direction  upwards  and  forwards  and  finally 
terminates  in  an  “apertura  capsulae  osseae  interna  superior through  which  the 
interior  of  the  capsule  communicates  by  means  of  a cavity  in  the  anterior  portion  of 
the  “ first  ” vertebra  with  the  hinder  part  of  the  cranial  cavity.  From  the  inner  margin 
of  each  ap.  cap.  oss.  int.  inf  a very  delicate  process  of  bone  arises,  which  curves 
downwards  and  inwards  and  meets  its  fellow  of  the  opposite  side,  thus  forming  a 
slender  arch  of  bone.  A somewhat  stouter  median  spicule  descends  from  the  ventral 
surface  of  the  body  of  the  “ first  ” vertebra  and  fuses  with  the  apex  of  the  arch 
formed  by  the  two  lateral  processes.  To  this  peculiar  double  arch  depending  from 
the  under  surface  of  the  “ first  ” vertebra  Feissner  gives  the  name  of  “ processus 
bijugus.” 

The  air-bladder  is  constricted  into  two  laterally  situated  oval  air-sacs  which  occupy 
the  cavities  of  the  two  osseous  capsules.  The  walls  of  the  sacs  are  everywhere  in 
close  contact  with  the  inner  surfaces  of  their  investing  capsules,  but  are  only  attached 
thereto  by  a few  fibres  which  are  said  to  transmit  blood-vessels  and  possibly  nerves. 
Although  no  connection  between  the  two  sacs  could  with  certainty  be  determined 
Feissner  regards  it  as  extremely  probable  that  such  communication  does  exist,  end 
believes  that  the  tubular  connecting  duct  is  supported  by  the  “ processus  bijugus,”  ^ 
and  opens  into  each  air-sac  through  the  “ apertura  capsulm  ossem  interna  inferior.”|| 

* From  the  analogy  of  Colitis  Rrissneu  think.s  tliat  this  prooe.ss  may  represent  tlie  distal  end  of  a 
transverse  process ; if  this  be  so,  it  must  belong  to  the  fourth  vertebra,  but  much  more  probably,  how- 
ever, it  is  the  post-temporal. 

t This  may  coi-respond  to  the  distal  aperture  of  the  funnel-shaped  transverse  process  in  other 
abnormal  Silurida?,  or  possibly  to  a very  similar  aperture  which  is  found  iii  each  of  the  outer  walls  of 
the  osseous  capsules  of  the  Cyprinoid  Cohif  is  and  its  allies. 

X An  equivalent  to  this  aperture  is  found  in  other  Siluroids  (e.f/.,  Callomystax)  at  the  antero-internal 
angle  of  each  bony  capsule,  where  there  is  a foramen  through  which  the  tripus  passes  to  its  connection 
with  the  scaphium  anteriorly. 

§ h’rom  the  analogy  of  Flecostomus  we  have  no  doubt  that  Reissner’s  belief  is  correct. 

II  There  is  one  point  in  connection  with  the  air-bladder  in  which  Acanthictis  is  uni(jue  among  the 
Siluridne.  Reissner  describes  the  first  ]>air  of  ribs  as  occupying  well  marked  grooves  on  the  venti'al 
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A tripus  and  a scaphiuin  aie  described  by  Eeissner  but  no  mention  is  made  of 
clnustra  or  intercalaria.  The  scaphiuin  is  a small  concavo-convex  ossicle  -without 
ascending  or  condylar  p'-ocesses.  The  tripus  has  a straight  posterior  process  in 
addition  to  the  usual  anterior  and  articular  processes.  For  the  greater  part  of  its 
extent  each  tripus  is  said  to  occupy  the  cavity  in  the  first  vertebra  through  which, 
according  to  Ketssner,  the  cranial  cavity  communicates  with  the  interior  of  the 
osseous  capsule.  The  posterior  process  of  the  ossicle,  after  traversing  the  “ apertura 
capsulse  osseae  interna  superior,”  gains  the  interior  of  the  capsule  and  becomes 
connected  with  the  air-sac. 

The  relations  of  the  sinus  endoljunphaticus  and  atrial  cavities  are  carefully 
described  The  sacculi  are  said  to  lie  in  two  shallow  depressions,  separated  by  a 
slight  median  ridge  on  the  dorsal  surface  of  the  os  basilare  (basioccipital),  in  this 
respect  resembling  several  of  the  Loricaroid  genera,  and  to  be  connected  by  a trans- 
verse ductus  endolymphaticus.  In  the  absence  of  figures  we  are  not  quite  clear  as  to 
the  exact  relations  of  the  sinus  endolymphaticus  and  the  atria  to  the  anterior 
vertebrm  and  cranial  cavity,  but  as  far  as  we  can  make  out  from  Reissner’s  description 
they  appear  to  occupy  a Y-shaped  groove  on  the  dorsal  surface  of  the  basioccipital 
and  the  anterior  portion  of  the  body  of  the  “first”'  vertebra,  the  stem  of  the  Y, 
which  is  directed  forwards  indicating  the  position  of  the  cavum  sinus  imparis  and  the 
enclosed  sinus,  while  the  backwaidly  and  outwardly  extending  arms  indicate  the 
position  of  the  two  atrial  cavities.  In  a!iy  case  we  infer  that  the  cavum,  like  the  atria, 
has  only  a fibrous  roof,  and  this  is  apparently  also  true  of  the  depressions  for  the 
sacculi,  unless  indeed,  the  latter  are  freely  exposed  in  the  floor  of  the  cranial  cavity. 
The  want  of  the  usual  hon}’-  roof  to  these  cavities  or  recesses  may  possibly  be  due,  as 
we  would  suggest,  to  the  failure  of  the  exoccipitals  to  develop  their  usual  horizontal 
plate-like  ingrowths. 

Loricaria  cataphracta  and  L.  imdirost vis. 

Two  ill-preserved  examples  of  the.se  species  were  also  examined  by  Reissner  (32), 
and,  in  all  essential  points  affecting  the  structures  under  consideration,  were  found  to 
be  in  clo.se  agreement. 

The  “first”  vertebra  is  said  to  be  connected  with  the  second  by  a strongly-toothed 
suture,  and  the  neural  arches  of  both  to  possess  large  “processus  splnosi  superiores,” 
united  by  a serrated  suture  with  the  “os  occipitale  superius”  (supraoccipital)  in  the 
median  line.  The  “first”  vertebra  is  provided  with  two  peculiarly-shaped  lateral 
processes,  which  Reissner  regards  as  probably  corresponding  to  modified  “processus 
transversi.”  Each  process  is  slightly  curved  in  a direction  outwards  and  backwards, 
and  at  its  proximal  extremity  enclo.ses  a spherical  cavity.  Externally  this  cavity 

surfaces  of  the  hoiiy  capsules.  It  will  follow,  thci-efore,  that  rather  more  than  a third  of  the  length  of 
the  capsules  and  their  enclosed  air-saes  must  he  dor.’^nd  to  the  ribs,  instead  of  ventrad  to  them,  and 
probably  project  backwards  above  the  ribs  into  the  dnrso-lateral  muscles. 
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becomes  a deep  groove,  which  is  open  in  front,  at  all  events  so  far  as  the  transverse 
process  itself  is  concerned,  and  gradually  dies  away  towards  the  distal  end  of  the 
process.  The  groove  is  not  an  open  one,  inasmuch  as  its  superior  margin  joins  the 
inferior  edge  of  the  “ os  occipitale  externum  ” (post-temporal)  and  its  inferior  margin 
the  posterior  edge  of  the  same  bone,  so  that  the  groove  becomes  a closed  canal,  except 
that  it  has  a distal  aperture  between  the  free  edge  of  the  transverse  process  and  the 
overlapping  '‘os  occipitale  externum.”  Near  the  distal  aperture  of  the  canal  there  is 
a small  area  of  soft  skin,  between  the  cranial  plates  and  those  which  invest  the  lateral 
surface  of  the  trunk. 

The  cavity  enclosed  by  the  proximal  portion  of  the  transverse  process  is  separated 
from  the  outer  groove  by  a slight  ridge,  and  contains  a globose  membranous  bladder, 
which,  from  the  analogy  of  Acanthicus,  Reissner  rightly  regards  as  equivalent  to  one- 
half  of  the  air-bladder.  From  the  inner  wall  of  the  cavity  of  the  transverse  process  a 
narrow  canal  extends  inwards  and  forwards,  and  in  this  canal  lies  the  almost  rectangu- 
larly bent  tripus.'"  This  ossicle  is  said  to  consist  of  two  processes  united  at  a right 
angle,  and  of  these  one  is  transversely  disposed  and  connected  with  the  wall  of  the  cor- 
responding air-sac,  while  the  other,  or  anterior  process,  projects  from  the  canal  in  which 
it  is  lodged  into  the  cranial  cavity,  a scaphium  similar  to  that  of  Acanthicus  being- 
attached  to  its  free  extremity.  A membranous  canal  is  said  to  leave  each  air-sac  and 
to  pass  through  the  hinder  wall  of  the  cavity  of  the  transverse  process,  probably  for 
the  purpose  of  effecting  a communication  with  the  sac  of  the  opposite  side.  A perfect 
“processus  bij ugus ” could  not  be  found,  but  two  osseous  processes  on  the  inferior 
surface  of  the  “ first  ” vertebra,  and  a slender,  bony  spicule  which  is  directed  inwards 
and  backwards  from  near  the  root  of  each  transverse  process  may  possibly  represent 
this  structure.  Possibly,  Reissner  remarks,  the  spicules,  or  tendinous  prolongations 
therefrom,  may  be  continuous  with  the  two  bony  processes. 

No  reference  is  made  to  the  internal  ear  or  to  the  cavum  sinus  imparis  and  its  atrial 
cavities. 

We  are  able  to  supplement  Reissner’s  somewhat  imperfect  descri})tion  with  a few 
additional  particulars. 

The  “second”  vertebra  of  Reissner  is  probably  the  fifth,  and  hence,  his  “first” 
vertebra  really  represents  the  complex  vertebra  of  other  Siluroids  (see  Rams.w 
Wright,  44,  p.  109).  The  centrum  of  the  true  first  vertebra  is  either  wanting,  or  has 
fused  with  the  complex,  but  in  the  latter  case  no  intervertebral  suture  could  be 
detected.  The  posterior  face  of  the  complex  centrum  has  a deep  tubular  concavity, 
but  the  almo.st  flat  anterior  face  articulates  with  the  contiguous  surface  of  the  basi- 
occipital  by  an  interdigitating  suture.  Almost  complete  fusion,  however,  has  taken  place 
between  the  arch  and  spine  of  the  complex  vertebra  and  the  supra-  and  exoccipitals, 
but  from  the  position  of  the  external  atrial  apertures,  and  the  mode  of  articulation  of 

* This  canal  is  really  a simple  aperture  between  the  exoccipital  and  the  arch  of  the  comple.x  vertebra, 
and  corresponds  to  that  portion  of  tlio  wall  of  the  neural  canal  which  in  other  Siluroids  is  fihroiis. 
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the  complex  vertebra  with  the  basioccipitnl,  it  is  clear  that  nothing  comparable  to  the 
singular  for\^'ard  dislocation  of  the  anterior  vertebrae  through  the  foramen  magnum 
and  into  the  cranial  cavity,  which  is  so  remarkable  a feature  in  Hypophfhalmns, 
takes  place  in  Loricaria.  The  bony  capsules  for  the  air-bladder  are  formed  by  the 
transverse  process  of  the  fourth  vertebra  in  conjunction  with  certain  of  the  bones 
forming  the  posterior  face  of  the  skull,  viz.,  the  posterior  plates  of  the  exoccipitals, 
the  epiotics,  and  possibly  the  pterotics,  in  much  the  same  fashion  as  in  TlypophtJinlmiis, 
except  that  the  post-temporals  form  the  external  walls  of  fhe  capsules  and  more  or  less 
completely  close  their  terminal  apertures. 

As  in  Acantliicus  the  sacculi  occupy  shallow  depressions  in  the  cranial  surface  of 
the  basioccipital,  separated  by  a faint  median  ridge.  It  is  possible  that  these  struc- 
tures may  have  a fibrous  roof,  but  it  is  certain  that  they  are  not  invested  dorsally  by 
horizontally  disposed  bony  plates  derived  from  the  two  exoccipitals.  We  could  not 
with  certainty  localize  the  position  of  the  cavum  sinus  imparis  and  its  atria,  but  they 
are  probably  situated  on  the  dorsal  surface  of  the  basioccipital,  between  the  depres- 
sions for  the  sacculi  anteriorly,  and  the  apertures  Avhereby  the  anterior  extremities  of 
the  tripodes  enter  the  neural  canal  posteriorly.  In  that  position,  and  as  in  Acantliicus, 
there  is  a slight  median  depression,  which  divides  behind  into  two  short  inconspicuous 
grooves  leading  towards  the  apertures  in  question,  and  may  possibly  indicate  the  posi- 
tion of  these  cavities,  but  if  such  be  the  case  their  walls  must  be  largely  fibrous.  The 
scaphia  and  the  anterior  extremities  of  the  tripodes  project  freely  into  the  occipital 
portion  of  the  cranial  cavity,  and  from  the  position  of  the  former  ossicles  it  is  clear 
that  the  external  atrial  apertures  must  also  be  within  the  cranial  cavity,  as  is  the 
case  with  such  other  abnormal  Siluridae  as,  for  example,  Callomystax.  The  condition 
of  our  specimen  was  fatal  to  a satisfactory  examination  of  the  internal  ear.  We  were 
able  to  ascertain  that  a very  short  ductus  endolymphaticus  is  present,  but  whether  a 
sinus  endolymphaticus  is  present  or  absent  we  cannot  with  certainty  say. 

The  air-bladder  has  extremely  thin  but  structurally  perfect  walls.  Each  lateral 
air-sac  is  confined  to  the  more  dilated  proximal  portion  of  its  bony  capsule,  which,  as 
Rei.ssner  states,  is  separated  from  the  distal  portion  by  a slight  transverse  ridge.* 
Apart  from  their  cojmection  with  the  tripodes,  which  appears  to  be  perfectly  normal, 
the  walls  of  the  air-sacs  are  free  from  any  special  attachments  to  the  skeleton  or  to 
the  inner  surfaces  of  their  bony  capsules.  There  is  no  doubt  as  to  the  existence  of  a 
connection  between  the  two  sacs  by  means  of  an  extremely  slender,  thin-walled 
intermediate  canal,  which  leaves  each  capsule  at  the  point  indicated  by  Retssner. 

The  articular  process  of  the  trlpus  is  situated  at  the  point  of  junction  of  the 
anterior  and  posterior  processes,  which,  as  Reissner  states,  are  united  at  a right 
angle.  Neither  claustra  nor  intercalaria  could  be  detected. 

* In  onr  specimen  ench  sac  was  about  3 inm.  in  lengtli  and  in  width,  tlio  length  of  the  Fisli  being 
7 inches. 
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Hupostomus  uen'es,  Cuv.  and  Val.  (=  Flecostomas  veryasY) 

According  to  Keissner  (32)  this  species  agrees  in  all  Important  details  with 
Loriccu'ia,  but  has  a more  perfectly  formed  “processus  bijugus.” 

These  statements  we  are  able  to  confirm.  In  the  condition  of  its  anterior  vertebrm 
and  in  the  mode  of  formation  of  the  osseous  capsules  for  the  two  air-sacs,  as  well  as 
in  the  absence  of  a bony  roof  to  the  recess  for  the  sacculi  and  the  cavum  sinus 
imparis,  Plecostomus  closely  agrees  with  Loricaria. 

We  have  satisfied  ourselves  that  the  “ processus  bijugus”  in  Plecostomus  supports 
the  slender  intermediate  canal  by  which  the  two  air-sacs  are  placed  in  communication 
with  each  other.  In  this  respect  Plecostomus  confirms  Reissner’s  suggestions  tis  to 
the  object  of  this  singular  structure  in  Acanthicus. 

We  could  detect  no  trace  of  either  intei’calaria  or  claustra. 


. Callichthys  aspev. 

Of  this  species  Reissner  (32)  remarks  that  he  had  only  a very  small  and  badly 
preserv^ed  specimen  for  examination.  In  the  structure  of  the  cranium  and  the 
condition  of  the  “first”  vertebra,  the  air-bladder  and  Weberian  ossicles  this  Siluroid 
is  said  to  be  more  closely  allied  to  Plecostomus  than  the  latter  is  to  Loricana.  The 
“processus  bijugus”  is  said  to  be  similar  to  that  of  Plecostomus,  and  in  connection 
with  its  arch  Reissner  found  a minute  canal  which,  he  adds,  probably  served  the 
purpose  of  uniting  the  two  divisions  of  the  air-bladder.  The  tripus  is  slightly  bent, 
and  divides  anteriorly  into  two  processes,  one  for  attachment  (articular  process),  and 
the  other  for  connection  with  the  deeply  concave  scaphlum. 

As  far  as  we  were  able  to  determine  from  the  external  examination  of  a Museum 
skeleton  of  Callichthys  littoralis,  this  species  closely  resembles  Loricaria  in  the 
modifications  which  the  anterior  vertebrae  undergo,  and  in  the  mode  of  formation 
of  the  osseous  capsules  for  the  air-bladder,  but  the  union  of  the  vertebral  column 
with  the  skull  seems  to  be  more  intimate  than  in  either  Lo)‘icaria  or  Plecostomus 
[Ilypostordus). 

Sisor. 

Without  reference  to  any  particular  species.  Day  (‘J)  thus  refers  to  the  condition 
of  the  air-bladder  in  this  genus  : — “ Subvertebral  bony  capsules  were  present,  and 
apparently  contained  an  air-vessel,  whilst  none  could  be  detected  in  the  abdomen.” 


Pseiulecheneis. 


Of  this  genus  the  same  observer  (9)  remarks  that  the  air-vessel  is  “ in  two  rounded 
lateral  portions,  and  enclosed  in  bony  capsules.” 
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Exostoma  BJythii,  Day. 

Of  this  Siluroid,  Day  (9)  says  : — “ Air-vessel  in  a globular  form,  on  either  side  of 
the  body  of  the  anterior  vertebra?,  and  enclosed  in  bone.” 


Group  : — Aspredinina. 

Aspredo  coUjlophonis. 

This  South  American  genus  is  regarded  by  Cope  (7)  as  the  type  of  a distinct 
finnily  (Aspredinidse)  of  the  order  Neraatognathi  (=  Siluridae).  The  only  reference 
to  the  air-bladder  of  Aspredo  that  we  are  acquainted  with  is  by  CuviEii  and 
Valenciennes  in  their  ‘ Histoire  Naturelle  des  Poissons,’  vol.  15,  1840.  The  air- 
bladder  of  Aspredo  Icevis”  (=  A.  hatrachus)  is  there  briefly  described  as  composed 
of  two  ovoid  lobes  with  fibrous  Avails  of  a silvery  lustre. 

In  Aspredo  cotylophorus  the  skull,  Avith  the  first,  the  complex,  and  the  fifth 
A'ertebrae,  are  immovably  connected  together.  The  body  of  the  first  \-ertebra 
(figs.  73,  74,  vd)  is  fairly  Avell-developed,  though  somewhat  smaller  than  the  normal 
centra,  and  so  obliquely  placed,  that  its  anterior  and  posterior  concavities  are 
directed  foi'w^ards  and  downwards  and  backwards  and  upAvards  respectively  (fig.  74). 
The  complex  centrum  (figs.  73,  74,  c.c.)  is  unusually  long  and  narroAV,  and  is,  more- 
over, so  bent  upon  itself  that  Avhile  its  deep  and  almost  tubular  posteiaor  concavity 
looks  directly  backAvards,  its  cup-shaped  anterior  face  is  directed  doAvnwards  as  Avell 
as  forwards  to  meet  the  upturned  posterior  face  of  the  centrum  of  the  first  vertebra 
(fig.  74).  The  centrum  of  the  fifth  vertebra  {vd)  is  almost  as  long,  and  its  deep 
tubular  anterior  concavit}^  is  in  striking  contrast  to  the  relatively  shallow  posterior 
concavity.  The  sixth  vertebra  (fig.  73,  p.'’)  is  quite  free  and  distinct  from  the  fore- 
going; its  short  transverse  processes  carry  the  first  pair  of  ribs. 

The  neural  arches  of  the  complex  and  fifth  vertebra?  (fig.  74)  are  almost  completely 
confluent.  The  coalesced  spinous  processes  of  the  third  and  fourth  vertebra; 
(figs.  74,  75,  n.sd,  n.sd)  are  re|)i-esented  by  a low,  compressed  ridge  of  bone  of 
uniform  height,  but  greatly  thickened  along  its  free  dorsal  margin.  The  anterior 
edge  of  the  ridge,  Avith  the  neural  arch  of  the  third  vertebra,  incline  forAvards  to  a 
firm  sutural  union  Avith  the  supraoccipital  and  exoccipitals,  Avhile  the  posterior 
margin  considerably  OA’erlaps,  and  partially  coalesces  Avith,  the  sjnne  of  the  fifth 
vertebra.  The  latter  (?ls.^)  is  very  strongly  developed,  inclined  obliquely  backAvards, 
and  cleft  foi-  the  support  of  the  anterior  interspinous  bones. 

The  transverse  processes  of  the  fourth  and  fifth  vertebra;  (figs.  73  to  75,  t.pd,  t.pd) 
combine  to  form  on  each  side  a narroAv  Aving-like  outgroAvth,  Avhich  is  much  longer 
than  broad,  slightly  concave  from  before  backwards  on  its  ventral  surface,  and  has  its 
anterior  and  posterior  margins  strongly  thickened  and  produced  distally  into  free 
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projecting  processes  (fig.  73).  The  transverse  process  of  the  fourth  vertebra 
consists  of  a thickened  anterior  part  which  curves  downwards,  and  for  a portion  of 
its  extent  has  its  anterior  face  closely  applied  to  the  inferior  limb  of  the  post- 
temporal, while  its  free  distal  extremity  furnishes  a posterior  wall  to  the  socket  for 
the  clavicle.  The  remainder  of  the  process  is  a thin  narrow  lamina  of  bone,  curving 
at  first  upwards  and  backwards,  and  then  slightly  downwards  to  meet  a somewhat 
similar  but  shorter  lamina,  derived  from  the  anterior  margin  of  the  transverse  process 
of  the  fifth  vertebra.  The  latter  {t.p}),  in  addition  to  the  lamina  already  mentioned, 
consists  of  a long  stout  process,  which  has  its  free  projecting  extremity  connected  by 
a ligament  (fig.  73,  Igt.)  with  the  larger  of  the  two  processes,  into  which  the 
proximal  end  of  the  clavicle  divides. 

Superficial  ossifications  thicken  the  lateral  surfaces  of  the  complex  and  fifth 
vertebral  centra,  but  are  interrupted  intervertebrally  by  an  irregular  interdigitating 
suture.  Their  dorsal  and  ventral  edges  respectively  form  the  inferior  lips  of  cardinal 
grooves,  and  the  lateral  margins  of  a median  aortic  groove  (fig.  73).  Small  radial 
nodules  are  suturally  attached  to  the  sides  of  the  complex  centrum,  and  a slender 
spicular  dorsal  lamina  (d.L),  with  the  usual  relations  to  the  corresponding  cardinal 
groove,  is  prolonged  from  each  nodule  and  blends  with  the  ventral  surface  of  the 
transverse  process  of  the  fourth  vertebra. 

The  post-temporal  has  the  usual  three  divisions.  The  slender  inferior  limb 
(fig.  73,  pt.i.)  is  largely  supported  by  the  thickened  and  decurved  anterior  portion  of 
the  transverse  process  of  the  fourth  vertebra.  Between  the  inferior  limb  and 
the  stem  of  the  bone  there  is  a deep  groove,  which  is  closed  behind  by  the  transverse 
process,  and  converted  into  a tubular  socket  for  the  head  of  the  clavicle.  The 
posterior  margin  of  the  stem  (fig.  75,  pt.s.)  is  coincident  with,  and  closely  applied  to, 
the  similarly  curved  distal  extremity  of  the  same  transverse  process.  The  ascending 
process  (pt.a)  is  very  slender,  articulating  above  with  the  supraoccipital  and  epiotic, 
and  nearly  meeting  the  pterotic  in  front.  The  proximal  end  of  the  clavicle  is 
divided  into  two  processes,  a slender  peg-like  process  for  insertion  into  the  clavicular 
socket,  and  a strong  triangular  outgrowth  {cl'.)  which  is  directed  backwards  dorsad  to 
the  origin  of  the  pectoral  fin,  and  takes  the  place  of  the  proper  posterior  process  {cl.p.) 
in  forming  the  inferior  limit  of  the  contiguous  lateral  cutaneous  area,  A strong 
ligament  (fig.  73,  Igt.)  connects  the  distal  extremity  of  the  process  with  the  trans- 
verse process  of  the  fifth  vertebra. 

In  consequence  of  the  peculiar  flattened  condition  of  the  head  and  the  adjacent 
portion  of  the  trunk  in  this  genus,  the  extensive  lateral  cutaneous  areas  (fig,  73,  l.c.a.) 
are  situated  rather  on  the  dorsal  than  the  lateral  surfaces  of  the  body.  Each  area  is 
peripherally  attached  to  the  curved  distal  margins  of  the  modified  transverse  processes 
of  the  fourth  and  fifth  vertebrae  above,  in  front  to  the  posterior  margin  of  the  stem 
of  the  post-temporal,  and  inferiorly,  or  rather  externally,  to  the  clavicular  process 
and  to  the  ligament  leading-therefrom  to  the  transverse  process  of  the  fifth  vertebra. 
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The  true  posterior  process  of  the  clavicle  (fig.  75,  cl.p.),  instead  of  marking  the 
inferior  boundary  of  a lateral  cutaneous  area,  is  directed  backwards  on  the  ventral 
side  of  the  body  and  related  solely  to  the  insertion  of  the  ventro -lateral  muscles  of 
the  body-wall. 

The  air-bladder  (fig.  76,  a.h.)  is  partially  constricted  into  two  laterally  situated 
and  somewhat  ovoid  or  globose  sacs  by  deep  emarginations  in  its  anterior  and 
posterior  w’alls.''^  Each  half  of  the  bladder  occupies  the  shallow  bony  recess  formed 
by  the  modified  transverse  processes  of  its  side.  Nearly  the  whole  extent  of  the 
lateral  or  outer  wall  of  each  sac,  as  well  as  a part  of  the  dorsal  wall,  are  in  close 
contact  with  the  inner  surface  of  a lateral  cutaneous  area.  The  opening  of  the 
ductus  pneumaticus  {d.p.)  is  in  the  medio-ventral  line,  but  nearer  to  the  anterior  than 
the  posterior  end  of  the  bladder.  On  removing  the  ventral  wall  (fig.  77)  it  at  once 
becomes  obvious  that  the  lateral  portions  of  the  organ  are  in  free  and  open  communi- 
cation with  each  other,  and  further,  that  by  far  the  larger  portion  of  the  bladder 
corresponds  to  the  anterior  chamber  only  of  the  normally  developed  structure.  A 
very  narrow  transverse  septum  {t.s.)  is  present,  but  situated  so  near  to  the  posterior 
wall  that  there  exists  but  the  barest  vestige  of  a longitudinal  septum  {l.s.),  and  if 
lateral  compartments  can  be  said  to  be  represented  at  all  it  can  only  be  by  the 
postero-internal  portions  of  the  lateral  halves  of  the  bladder. 

In  the  general  structure  of  the  walls  of  the  bladder,  which  it  may  be  mentioned 
are  extremely  thin,  and  in  the  nature  and  extent  of  its  various  skeletal  attachments, 
Aspj'edo  differs  in  no  essential  feature  from  Macrones.  The  transverse  septum  is 
attached  dorsally  to  the  ventral  surface  and  sides  of  the  body  of  the  fifth  vertebra, 
and  anteriorly  and  laterally  to  this  to  the  posterior  margins  of  the  dorsal  laminae. 
The  anterior  pillars  are  inserted  by  their  dorsal  edges  into  the  radial  nodules,  as  well 
as  to  the  lateral  and  ventral  surfaces  of  the  anterior  portion  of  the  complex  centrum, 
and  the  fibres  of  the  two  strata  of  the  tunica  externa  in  converging  from  the  antero- 
lateral and  lateral  walls  to  their  attachments  to  the  crescentic  processes  of  tlie 
trlpodes  {tr.c.)  form  the  usual  well-defined  triangular  sheets  (fig.  77). 

The  tripus  (figs.  73,  77,  tr.,  tr.c.)  has  a short  inwardl}7--curved  crescentic  process, 
and  a I’elatlvely  long  anterior  process.  The  Intercalarium  is  a very  small  nodule  in 
the  interosslcular  ligament.  The  scaphium  has  no  ascending  process,  but  is  other- 
wise complete.  The  claustra  are  extremely  small  spicular  ossicles  in  the  usual 
position. 

The  recesses  for  the  saccull  are  unusually  shallow,  and  the  cavum  sinus  imparis  is 
relatively  shorter  than  in  most  other  Siluridse.  The  atrial  cavities  are  normal,  except 
that  their  external  apertures  and  the  scaphia  which  close  them,  as  well  as  the  inter- 
ossicular  ligament,  lie  altogether  within  the  neural  canal  on  the  dorsal  surface  of  the 

• The  width  of  the  bladder  in  oar  specimen  was  17  mm.,  and  the  length  of  each  half  10  mm.  The 
length  of  the  Fish  was  6 inches. 
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centrum  of  the  first  vertebra.  We  observed  no  indications  of  degeneration  in  the 
structure  of  the  internal  ear. 

At  first  sight  it  would  seem  that,  so  far  as  its  air-bladder  is  concerned,  Aspredo, 
while  more  closely  resembling  the  normal  Siluridm  than  any  of  the  truly  abnormal 
species  that  we  have  yet  described,  nevertheless  presents  an  interesting  connecting 
link  between  the  two  extremes.  At  any  rate,  this  conclusion  is  suggested  by  the 
almost  complete  suppression  of  la.teral  chambers,  and  the  partial  constriction  of  the 
organ  into  two  laterally  situated  air-sacs.  On  the  other  hand,  the  air-bladder  is  by 
no  means  small  in  proportion  to  the  bulk  of  the  Fish  ; and  bearing  in  mind,  also,  that 
there  are  no  obvious  indications  of  retrogression,  either  in  the  Weberian  ossicles 
themselves  or  their  connection  with  the  bladder,  or  in  the  condition  of  the  internal 
ear,  it  seems  reasonable  to  suppose  that  all  these  structures  are  as  truly  functional  as 
in  those  species  with  more  typical  bladders.  It  may,  therefore,  be  suggested  that  such 
an  apparently  retrogressive  feature  in  the  air-bladder  of  Aspredo  as  the  practical 
atrophy  of  the  lateral  chambers  is  really  related  to  the  peculiarly  flattened  and 
shortened  condition  of  the  body,  and  is  not  to  be  taken  as  conclusive  evidence  of 
degeneration.  At  the  same  time,  we  admit  that  the  atrophy  of  the  lateral  chambers 
must  render  the  air-bladder  and  the  Weberian  mechanism  less  sensitive  as  a register 
of  varying  hydrostatic  pressures.* 

Sub-Family  SILURID.®  HOMALOPTER^. 

Geoup  ; — Clariixa. 

Clarias  nieuhofii. 

Taylor  (38)  has  given  a brief  description  of  the  air-bladder  of  Clarias  magur 
(under  the  name  of  Macropteronotus  magur)  to  the  following  effect : — The  bladder 
consists  of  two  small  pyriform  sacs  joined  at  their  pointed  extremities  by  an  inter- 
mediate canal.  The  organ  is  said  to  lie  across  the  spine,  and  each  of  its  two  pyriform 
portions  to  be  contained  in  a funnel-shaped  case  projecting  outwards  from  the  side  of 
the  body  of  the  “first”  vertebra,  and  having  its  mouth  covered  over  by  the  common 
integument,  as  in  Pimelodus  hagharia”  (=  Bagariiis  Yarrellii).  The  case  is  formed 
of  bone,  but  above  and  below  by  a tendinous  membrane  that  extends  across  the  inferior 
surface  of  the  first  vertebra,  thus  protecting  from  pressure  the  intermediate  canal 
or  isthmus  by  which  the  two  pyriform  sacs  are  united.  A communication  exists 
between  the  air-bladder  and  alimentary  canal  by  a small  ductus  pneumaticus  passing 
from  the  intermediate  canal  to  the  oesophagus. 

Cuvier  and  Valenciennes  (8)  refer  to  a species  of  this  genus  under  the  name  of 
Clarias  hasselquistii  in  which  the  air-bladder  is  described  as  being  small  and  formed 

* Pli\  Biological  section. 
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of  two  rounded  lobes,  almost  entirely  separated  the  one  from  the  other,  and  sunk  in 
great  hollows  situated  in  front  of  the  “ apophysis  of  the  large  vertebra.”  These  lobes 
are  said  to  communicate  under  the  body  of  the  vertebra,  but  from  the  fact  that  the 
bladder  had  already  been  displaced,  the  writer  adds  that  he  was  not  certain  how  it 
was  attached,  and  that  the  ligaments  deserve  a new  and  special  dissection. 

Day  (9)  also  briefly  refers  to  the  air-bladder  of  Clarias,  and  includes  the  genus  in 
his  list  of  Siluridte  in  which  the  organ  is  said  to  be  constricted  into  two  lateral 
portions,  and  more  or  less  completely  enclosed  within  bony  capsules. 

Our  own  investigations  have  been  confined  to  Clarias  nieuhojii,  C.  magur,  C.fuscus, 
and  C.  anguillaris. 

In  Clarias  nieuhojii  the  skull  and  the  first,  the  complex,  and  the  fifth  vertebrae  are 
rigidly  connected  together  (i.)  by  the  superficial  ossifications  which  continuously  invest 
the  lateral  surfaces  of  the  various  centra,  and  also  extend  on  to  and  thicken  the  sides 
and  under  surface  of  the  basioccipital ; and  (ii.)  through  the  firm  sutural  union  of  the 
correlated  vertebral  and  cranial  elements  (figs.  78,  79).  The  body  of  the  first  vertebra 
(fig.  79,  is  very  small  ; its  dorsal  surface  forms  part  of  the  fioor  of  the  neural 
canal,  but  the  ventral  and  lateral  surfaces  are  covered  by  the  forward  extension  of  the 
superficial  ossifications  on  to  the  basioccipital  [h.o.).  In  a vertical  longitudinal  section 
of  this  region  of  the  vertebral  column  the  centrum  in  question  appears  as  if  completely 
enclosed  within  the  contiguous  concavities  of  the  complex  centrum  and  basioccipital. 
Tlie  centrum  of  the  complex  vertebra  (figs.  78,  79,  c.c.)  is  nearly  three  times  the 
length  of  that  of  the  fifth,  and  a single  pair  of  fairly  large  nutrient  foramina  are 
visible  on  its  ventral  surface.  Except  for  the  asymmetrical  development  of  its  con- 
cavities, the  anterior  being  much  deeper  than  the  posterior,  the  body  of  the  fifth 
vertebra  (r’.^)  in  no  way  differs  from  the  normal  centra.  The  sixth  vertebra  is  normal 
and  free  (fig.  80,  v.^),  but,  unlike  most  other  Siluridce,  its  well-developed  transverse 
processes  do  not  carry  ribs,  the  seventii  [v.'’)  being  the  first  of  the  rib-bearing  series. 

The  confluent  spinous  processes  of  the  third  and  fourth  vertebrae  (fig.  79,  n.s.®), 
11. s.^),  form  a thin  vertical  plate  of  bone  which  is  much  higher  behind  than  in  front. 
The  low,  but  much-thickened  anterior  margin  of  the  plate,  and  the  neural  arch  of  the 
complex  vertebra  incline  forwards,  so  as  to  abut  against  the  supraoccipital  and  ex- 
occipitals,  a small  amount  of  intercalated  cartilage,  however,  still  persisting  between 
the  apposed  elements.  A thin  lamina  of  bone  derived  from  the  under  surface  of  the 
supraoccipital  spine  {so.')  firmly  articulates  by  an  interdigitating  .suture  witli  the 
dorsal  margin  of  the  confluent  spines.  The  uncleft  spine  and  arch  of  the  fifth  ver- 
tebra {n.s.^)  are  firmly,  but  by  suture  only,  united  to  those  of  the  preceding  vertebra. 
As  in  nearly  all  other  Siluroid  Fishes,  the  walls  of  the  neural  canal  are  fibrous  over  a 
somewhat  triangular  area  {at. a.)  on  each  side  between  the  arch  of  the  complex  vertebra 
and  the  exoccipital  (fig.  79). 

The  transverse  processes  of  the  fourth  and  fifth  vertebrae  are  greatly  expanded  and 
so  modified  as  to  form  on  each  side  a more  or  less  complete  bony  funnel,  which  is 
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contracted  proximally  and  expanded  distally,  and  lias  its  long  axis  disposed  at  right 
angles  to  the  axis  of  the  body  (fig.  78).  Except  at  its  root,  which  is  nearly  fiat,  the 
transverse  process  of  the  fourth  vertebra  has  the  anterior  margin  curved  down- 

wards towards  the  ventral  surface,  and  of  this  decurved  portion  the  mesial  part  is 
prolonged  backwards  as  a somewhat  triangular  lamina  of  bone  to  form  a partial 
floor  for  the  osseous  funnel.  Near  the  flat  root  of  the  process  the  decurved 
anterior  margin  abruptly  ceases,  and  leaves  a cleft  between  its  free  inner  edge 
and  the  lateral  surface  of  the  complex  centrum,  through  which  the  tripus  passes 
backwards  from  its  connection  with  the  scaphiura  to  gain  the  interior  of 
the  funnel.  The  posterior  margin  of  the  process  is  but  slightly  decurved  except 
at  its  outer  extremity,  where  a slender  process  of  bone  curves  downwards,  and 
forms  tlie  posterior  lip  of  the  distal  aperture  of  the  funnel.  The  transverse  process  of 
the  fifth  vertebra  is  comparatively  slender,  with  a flat  root  and  an  anterior 

margin  which  is  suturally  united  to  the  posterior  edge  of  the  preceding  process  in  the 
roof  of  the  bony  funnel.  The  distal  half  of  the  process,  however,  has  its  hinder 
margin  bent  downwards  and  also  a little  forwards,  to  meet  the  recurved  anterior  edge 
of  the  preceding  transverse  process  in  the  floor  of  the  funnel,  and  finally  ends  in 
a somewhat  irregular  indentated  edge.  In  this  way  the  transverse  process  of  the 
fourth  vertebra  furnishes  the  anterior  and  dorsal  walls  of  the  funnel  and  a partial  floor, 
and,  in  addition,  the  posterior  lip  of  its  terminal  aperture,  while  the  corresponding 
process  of  the  fifth  vertebra  forms  the  incomplete  posterior  wall.  So  far  as  the  trans- 
verse processes  are  concerned,  the  bony  walls  of  each  funnel  are  incomplete,  both 
proximally  and  distally,  on  the  ventral  and  posterior  surfaces  ; proximally,  however, 
the  floor  is  to  some  extent  completed  by  a thin,  flattened,  and  tapering  process  of 
bone  {v.p.),  which  grows  out  from  each  of  the  two  lateral  ridges  bounding  the  median 
aortic  groove  in  the  region  of  the  complex  centrum,  and  extends  outwards  to  the 
point  where  the  recurved  margins  of  the  two  transverse  processes  nearly  meet  in  the 
floor  of  the  funnel.  This  process  is  clearly  the  greatly  enlarged  representative  of  the 
ventral  process  of  Bagarius  and  Glyptosternum,  to  wdiich  attention  has  already  been 
directed.  Immediately  behind  the  origin  of  these  processes  the  two  lateral  aortic 
ridges  are  deeply  emarginate,  to  admit  of  the  passage  of  the  median  and  tubular 
portion  of  the  air-bladder  across  the  ventral  surface  of  the  complex  centrum  from  one 
lateral  air-sac  to  the  other.  The  anterior  margin  of  the  flat  root  of  the  transverse 
process  of  the  fourth  vertebra  may  be  traced  forwards  along  the  external  surface  of 
the  neural  arch  of  the  complex  vertebra  in  the  form  of  a longitudinal  ridge,  which 
finally  ceases  near  the  upper  lip  of  the  external  atrial  aperture.  A somewhat  similar, 
but  more  extensive,  ridge  (/.?’.),  apparently  a local  thickening  of  the  superficial  ossifi- 
cations of  the  complex  centrum,  may  also  be  traced  from  the  lower  lip  of  the  atrial 
aperture  obliquely  backwards  and  upwards  along  the  side  of  the  centrum,  where  it  is 
situated  ventrad  to  the  j)revious  ridge,  and  then  curves  outwards  across  the  ventral 
surface  of  the  root  of  tiie  transverse  process  of  the  fourth  vertebra,  ultimately  dying 
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away  along  the  line  of  junction  of  the  latter  with  the  transverse  process  of  the  fifth 
vertebra  in  the  roof  of  the  bony  funnel.  As  the  two  ridges  traverse  each  side  of  the 
complex  vertebra  they  enclose  between  them  a well-marked  groove,  the  anterior  end 
of  which  coincides  with  the  position  of  the  external  atrial  aperture,  while  the  posterior 
extremity  opens  into  the  proximal  portion  of  the  cavity  of  the  funnel ; this  groove 
lodges  the  anterior  portion  of  the  tripus  (tr.),  and,  at  about  the  middle  of  its  extent, 
deepens  into  a pit  on  the  side  of  the  complex  ceutruni  for  the  reception  of  the 
articular  process  of  the  same  ossicle.  It  may  be  remarked  that  the  groove  is  almost 
an  exact  repetition  of  the  one  already  described  in  Bagarius  Yarrellii,  both  as 
regards  its  mode  of  formation  and  contents,  while  the  ridge,  which  forms  its  ventral 
boundary,  we  identify  in  each  case  as  the  equivalent  of  the  oblique  lateral  ridge  of  the 
complex  centrum  in  the  more  normal  Siluridm. 

Superficial  ossifications  thicken  the  sides,  and  more  especially  the  ventro-lateral 
margins  of  the  complex  and  fifth  vertebral  centra,  and  also  form  the  lateral  boundaries 
of  a median  aortic  groove ; in  addition,  they  invest  tlie  lateral  and  ventral  surfaces  of 
the  body  of  the  first  vertebra  and  the  basioccipital,  including  the  junction  of  the 
former  with  the  complex  centrum,  so  that  the  first  intervertebral  suture,  which 
is  visible  on  the  ventral  surface,  is  the  one  between  the  complex  and  fifth  centra 
(fig.  78).  The  dorsal  lamina  of  other  Siluridm  is  represented  in  Clarias  by  a thin  and 
somewhat  flexible  process  of  bone  [d.l.)  which  appears  to  become  detached  from  the 
oblique  lateral  ridge  of  the  complex  centrum  (?.r.)at  the  point  where  the  latter  passes 
on  to  the  ventral  surface  of  the  transverse  process  of  the  fourth  vertebra,  and  from 
thence  extends  obhquely  downwards,  inwards,  and  a little  forwards  towards,  but 
without  quite  reaching,  the  lateral  surface  of  the  complex  centrum,  eventually 
terminating  in  a thickened  and  somewhat  hook-shaped  free  extremity  Traced 

outwards  from  its  nodular  free  extremity  along  the  roof  of  the  funnel  the  dorsal  lamina 
becomes  confluent  with  the  oblique  lateral  ridge,  but  may,  nevertheless,  be  traced  as  a 
faint  flattened  projection,  with  a ridge-like  posterior  margin,  extending  along  the 
hinder  edge  of  the  transverse  process  of  the  fourth  vertebra  as  far  as  its  distal 
extremity.  There  can  be  no  doubt  that  the  hook-shaped  extremity  of  the  lamina 
corresponds  to  the  radial  nodule  of  other  Siluridse,  inasmuch  as  it  receives  the  inser- 
tion of  the  radial  fibres  of  the  tripus  (fig.  81),  but,  instead  of  being  firmly  adherent  to 
the  side  of  the  complex  centrum,  the  nodule  has  become  detached  therefrom  and 
fused  with  the  inner  or  free  extremity  of  the  dorsal  lamina.  The  anterior 
extremity  of  the  mesonephros  passes  forwards  between  the  free  portion  of  each 
dorsal  lamina  and  the  complex  centrum,  across  the  flat  roots  of  the  modified  trans- 
verse processes,  and  the  posterior  cardinal  vein  takes  a precisely  similar  course  on  its 
way  to  join  the  Cuvierian  duct  of  its  side.  Such  other  local  developments  of  the 
superficial  ossifications  as  the  oblique  lateral  ridges  of  the  complex  centrum  and 
the  ventral  processes  hav’e  been  already  described. 

In  the  arrangement  of  the  foramina  for  the  exit  of  the  anterior  spinal  nerves  from 
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the  neural  canal,  as  well  as  in  the  peripheral  distribution  of  the  nerves  themselves, 
Clarias  agi’ees  very  closely  with  Macrones  (fig.  79). 

The  post-temporal  has  only  a vestige  of  an  inferior  limb  (fig.  78,  which  is 
firmly  applied  to  the  distal  portion  of  the  anterior  wall  of  the  bony  funnel  of  its  side, 
but  remains  widely  separated  from  the  basioccipital  {h.o.).  The  expanded  stem  of  the 
bone  (p^-s.)  is  directly  continuous  with  the  ascending  process  (pt.a.),  and  is  also 
traversed  on  its  inner  surface  by  a groove  {cl.s.)  for  articulation  with  the  proximal 
extremity  of  the  clavicle.  A backwardly  projecting  process  from  the  stem  (pt.s.)  is 
closely  applied  to  the  distal  extremity  of  the  transverse  process  of  the  fourth  vertebra 
in  such  a way  as  to  encircle  the  anterior  and  dorsal  lips  of  the  distal  a])erture  of  the 
funnel,  the  dorsal  wall  of  which  is  also  slightly  lengthened,  but  without  in  any  way 
closing  or  diminishing  the  size  of  the  terminal  aperture.  Between  this  process  and 
the  outer  margin  of  the  roof  of  the  funnel  there  is  a foramen  for  the  transmission  of 
the  lateral-line  branch  of  the  tenth  cranial  nerve  as  it  passes  backwards  from  the 
skull  after  traversing  the  dorsal  surface  of  the  funnel  (x.). 

The  cavum  sinus  imparis  (fig.  79,  c.s.i.),  the  fovese  sacculi  (f.s.),  and  the  atrial 
cavities  and  their  external  apertures  {at. a.)  differ  in  no  essential  feature,  either  as 
regards  mode  of  formation,  relative  size,  or  mutual  relations,  from  the  corresponding 
structures  in  Macrones,  or  any  other  normal  Siluroid. 

Before  dealing  with  the  structure  of  the  air-bladder  brief  reference  may  be  made 
to  certain  investing  membranes  and  other  structures  which  are  closely  related  to  its 
osseous  capsules. 

As  originally  stated  by  Taylor  {loc.  cit.),  a thin  but  tough  fibrous  membrane 
completes  the  walls  of  the  bony  funnels  w^herever  vacuities  exist  between  the 
modified  transverse  processes,  or  where  they  are  otherwise  incomplete,  but  is  appa- 
rently restricted  to  the  anterior  ventral  and  posterior  surfaces  of  the  funnels. 
Mesially,  the  membrane  extends  across  the  ventral  surface  of  the  complex  centrum 
and  there  furnishes  a tubular  investment  to  the  contracted  median  portion  of  the 
air-bladder ; anteriorly,  it  is  continuous  with  the  walls  of  the  saccus  paravertebral! s 
(fig.  78,  s.pv.),  and  apparently  also,  after  extending  forwards  over  the  dorsal  surface 
of  the  bilobed  anterior  extremity  of  the  mesonephros,  with  the  aponeurotic  membrane 
separating  the  abdominal  cavity  from  the  pericardial  and  branchial  cavities ; laterally 
the  membrane  extends  over  and  closes  the  terminal  apertures  of  the  two  funnels. 
The  precise  nature  of  this  investing  membrane  is  diflScult  to  determine.  It  may  be 
merely  a backward  prolongation  of  the  aponeurotic  membrane  over  the  funnels,  or,  as 
is  perhaps  more  probable,  the  membrane  represents  what  we  have  elsewhere  regarded 
as  the  supeidicial  fibrous  coat  of  the  air-bladder,  and  is  indicated  in  the  more  normal 
Siluroids  by  the  transverse  membrane,  or.  In  certain  abnormal  forms,  e.g.,  Bagarius 
and  Glyptosternum,  by  an  external  fibrous  investment  to  the  ventral  surface  of  the 
rudimentary  bladder.  Whatever  may  be  Its  nature  it  is  highly  probable  that  the 
walls  of  the  bony  funnels  are  largely  formed  by  the  partial  ossification  of  this 
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membrane,  either  through  an  inv^asion  of  ossified  deposit  extending  from  originally  more 
normal  transverse  processes,  or,  as  in  the  case  of  the  ventral  processes,  by  the  ossifica- 
tion of  the  ventral  portion  of  the  membrane  in  continuity  with  the  superficial 
ossifications  of  the  complex  centrum. 

The  bilobed  anterior  division  of  the  mesonephros  occupies  a recess  of  corresponding 
shape,  immediately  in  front  of  the  two  funnels,  to  the  anterior  wall  of  which,  and  to 
their  investing  membrane  the  gland  is  closely  applied. 

The  peritoneum  covers  the  ventral  surface  of  the  mesonephros,  and,  anteriorly,  is 
continued  over  the  under  surfaces  of  the  funnels.  Although  elsewhere  easily  separable 
from  the  latter,  the  peritoneum  is  firmly  adherent  to  the  fibrous  portion  of  their  walls, 
along  the  horizontal  median  line  of  their  ventral  surfaces,  or,  more  correctly,  along  the 
interspace  between  the  recurved  margins  of  the  transverse  processes  of  the  fourth  and 
fifth  vertebrae.  This  attachment  seems  exactly  to  correspond  to  a similar  connection 
between  the  ventral  edge  of  the  transverse  membrane  and  the  peritoneum  in  Macrones. 
Anteriorly  to  this  point  the  peritoneum  invests  the  ventral  surface  of  the  bilobed 
portion  of  the  mesonephros,  and  from  thence  is  reflected  on  to  the  posterior 
face  of  the  septum  separating  the  abdominal  and  branchial  cavities,  ultimately 
becoming  prolonged  backwards  on  to  the  dorsal  wall  of  the  oesophagus,  A little  in 
front  of  the  outer  extremity  of  each  funnel  the  peritoneum  grows  out  through 
the  ventro-lateral  muscles,  and  terminates  in  a relatively  spacious  cul-de-sac,  between 
the  funnel  and  the  axilla  of  the  pectoral  fin,  and  immediately  beneath  the  external 
skin.  Each  peritoneal  sac  contains  a small  diverticulum  from  the  adjacent  lateral  lobe 
of  the  liver,  which  is  connected  by  a slender  stalk  with  the  abdominal  portion  of  the 
gland.  In  a somewhat  similar  fashion  a lateral  prolongation  from  the  anterior  portion 
of  the  mesonephros  also  bulges  outwards  through  the  ventro-lateral  muscles,  and 
occupies  a recess  situated  just  behind  the  mouth  of  the  funnel  and  close  to  the  super- 
ficial skin,  but,  unlike  the  hepatic  outgrowths,  has  no  peritoneal  investment. 

In  addition  to  the  fibrous  investment  which  covers  the  osseous  funnels  and  closes 
their  distal  apertures,  the  latter  are  also  in  close  relation  with  lateral  areas  of  the 
external  skin.  The  lateral-line  canal,  with  two  of  its  tubular  ossicles,  and  the  lateral 
branch  of  the  tenth  cranial  nerve,  cross  each  area  as  they  pass  backwards  from  the 
skull. 

As  far  as  the  shape  and  general  relations  of  the  air-bladder  are  concerned,  Taylor’s 
description  (loc.  cit.)  is  perfectly  accurate.  The  organ  consists  of  two  thin-walled 
pyriform  sacs,  which  occupy  and  completely  fill  the  cavities  of  the  two  bony  funnels 
(fig.  80,  a.s.).  Each  sac  is  connected  with  its  fellow  by  a narrow  tubular  portion 
which  crosses  the  median  line,  ventrad  to  the  centrum  of  the  complex  vertebra,  and 
also  to  the  aortic  groove  and  dorsal  aorta,  and,  in  so  doing,  traverses  deep  eniargina- 
tions  in  the  aortic  ridges.*  The  walls  of  each  air-sac  are  everywhere  in  close  contact 

* In  a specimen  twelve  and  a half  inches  long,  the  length  of  each  sac  when  measured  from  the  middle 
of  the  tubular  portion  was  15  mm.,  and  the  maximum  width  6 mm. 
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with  the  bony  or  fibrous  wall  of  its  investing  capsule,  at  all  events,  when  the  sac  has 
not  shrunken  from  the  action  of  preservative  fluids,  or  collapsed  from  injury  to  its 
walls.  The  walls  of  the  bladder  are  composed  of  an  outer  fibrous  sheet,  the  tunica 
externa,  lined  throughout  by  a thin  delicate  inner  tunic  with  an  epithelium  on  its 
inner  surface.  A slender  ductus  pneumaticus  passes  from  the  intermediate  tubular 
portion  of  the  bladder  to  the  oesophagus,  precisely  as  Taylor  described; 

Notwithstanding  the  abnormal  condition  of  the  bladder,  the  general  structure  of  its 
walls  and  the  extent  and  nature  of  its  attachments  to  various  skeletal  elements  are  sub- 
stantially similar  to  those  of  an  anterior  chamber  in  a perfectly  normal  organ  (fig.  81). 
The  tunica  externa  of  the  ventral,  anterior,  and  the  greater  part  of  the  dorsal  wall  of 
each  sac  is  extremely  thin,  but  for  a portion  of  its  extent  in  the  posterior  wall,  is 
somewhat  thickened  by  the  prolongation  inwards  between  the  ventral  process  and  the 
transverse  process  of  the  fifth  vertebra  of  a sheet  of  fibres  derived  from  the  fibrous 
investment  of  the  ventral  surface  of  the  funnel  which  blends  with  the  posterior  wall 
and  more  or  less  firmly  attaches  the  latter  to  the  inner  surface  of  the  transverse 
process.  In  addition  to  this  the  dorsal  edge  of  the  posterior  wall  {p-2^.)  is  firmly 
inserted  into  nearly  the  whole  length  of  the  posterior  margin  of  the  dorsal  lamina, 
from  the  point  where  the  latter  becomes  apparent  as  a faint  ridge  on  the  inner  surface 
of  the  transverse  process  of  the  fourth  vertebra  in  the  roof  of  the  funnel  to  its  free 
inner  termination  in  the  radial  nodule  (r.n.).  The  median  tubular  section  of  the 
bladder  is  also  attached  by  its  anterior  and  dorsal  walls  respectively  to  the  roots  of 
the  ventral  processes  and  to  the  ventral  surface  of  the  complex  centrum.  Such  rigid 
skeletal  attachments  are  strictly  comparable  to  the  dorsal  insertion  of  the  primary 
transverse  septum  into  the  skeleton,  and  to  the  medio-dorsal  attachment  to  the 
complex  centrum,  respectively,  in  a normal  anterior  chamber.  The  anterior  pillars  of 
the  normal  bladder  are  apparently  represented  in  Clarias  by  the  dorsal  attachment 
of  the  inner  or  mesial  portion  of  the  anterior  wall  of  each  air-sac  to  the  complex 
centrum,  to  the  radial  nodule,  and  to  the  ventral  surface  of  the  root  of  the  crescentic 
process  of  the  tripus,  but  unlike  Bagarius,  Glyptosternum,  and  some  other  abnormal 
Siluridse,  the  remainder  of  the  anterior  wall  is  free  from  any  special  attachment  or 
connection  with  the  transverse  process  of  the  fourth  vertebra. 

The  tripus  is  an  unusually  large  but  extremely  thin  flattened  ossicle  (fig.  81,  tr.). 
The  anterior  process  {tr.a.)  is  provided  with  a flattened  inner  face  at  its  anterior 
extremity  for  the  attachment  of  the  interossicular  ligament.  From  the  junction  of 
the  anterior  and  crescentic  processes  an  articular  process  (tr.ar.)  is  given  off,  which, 
by  means  of  its  pointed  distal  extremity,  articulates  with  the  lateral  surface  of  the 
complex  centrum  at  the  bottom  of  a deep  pit-like  depression.  Both  the  anterior  and 
articular  processes  occupy  the  longitudinal  groove  on  the  lateral  surface  of  the  complex 
vertebra  and  basioccipital,  and  lie  also  in  a saccus  paravertebralis,  the  latter  coinciding 
in  position  and  in  length  with  the  groove  itself  (fig.  78,  tr.s.pv.).  The  root  of  the 
crescentic  process  (fig.  81,  tr.c.)  enters  the  cavity  of  the  corresponding  funnel  and 
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curves  slightly  outwards  into  the  dorsal  wall  of  the  contained  air-sac  as  a thin 
tapering  process  of  bone,  and  at  its  slender,  posterior,  or  outer  extremity  becomes 
continuous  with  the  apex  of  an  equally  thin,  transversely  elongated  and  somewhat 
triangular  lamina,  the  broad  base  of  which  is  coincident  with,  and  parallel  to,  the 
attachment  of  the  dorsal  margin  of  the  posterior  wall  of  the  air-sac  to  the  confluent 
portion  of  the  dorsal  lamina  (flg.  81).  The  inner  portion  of  the  triangular  lamina  is  a 
trifle  longer  than  the  outer,  and  tapers  to  a point  near  the  radial  nodule,  but  never- 
theless forms  with  the  root  of  the  crescentic  process  a characteristic  concave,  or  rather 
angulated  inner  margin  for  the  attachment  of  the  radial  flbres  {r.f.)  passing  therefrom 
to  the  radial  nodule  {r.n.).  The  remaining  portion  of  the  lamina  is  directed  outwards, 
like  the  heel-like  process  of  Macrones,  and  also  tapers  to  a point.  The  triangular 
lamina  is  the  only  portion  of  the  tripus  which  is  seen  imbedded  in  the  dorsal  wall  of 
the  air-sac  when  the  cavity  of  the  latter  is  laid  open  from  the  ventral  surface  and  the 
tunica  interna  removed.  We  have  several  times  found  the  lamina  quite  distinct 
from  the  rest  of  the  tripus,  but  whether  normally  so,  or  as  the  result  of  accidental 
fracture,  we  are  unable  to  say.  The  slenderness  of  its  connection  with  the  tripus, 
and  the  extremely  brittle  nature  of  the  bone  itself,  renders  it  particularly  liable  to 
separation  by  fracture.  On  the  other  hand,  we  have  no  doubt  whatever  that  in 
many  of  our  specimens  the  lamina  was  really  continuous  with  the  tripus,  and  that  it 
represents  the  inwardly  curved  posterior  section  of  a normal  crescentic  process. 

The  relations  and  attachments  of  the  fibres  forming  the  walls  of  each  air-sac  to  the 
tripus  are  certainly  more  normal  than  we  expected  to  find  them.  As  previously 
stated,  the  inner  or  mesial  portion  of  the  anterior  wall  of  each  sac  is  attached  by  its 
dorsal  edge  not  only  to  the  radial  nodule,  but  also  to  the  ventral  surface  of  the  tripus, 
that  is  to  say,  to  the  root  of  its  crescentic  process,  although  the  latter  has  no  trace  of 
the  ventral  ridge  which  usually  marks  the  insertion  of  these  fibres  in  the  normal 
Siluridae.  From  this  point  outwards  the  fibres  of  the  inner  stratum  of  the  tunica 
externa  (fig.  81,  in.st.)  in  the  anterior,  antero-lateral,  and  lateral  or  outer  walls, 
converge  in  the  dorsal  wall  towards  the  tripus,  and  eventually  are  inserted  into  the 
outer  margin  of  the  crescentic  process  from  its  root  to  the  pointed  extremity  of  its 
heel-like  process.  The  fibres  of  the  outer  stratum  of  the  tunica  externa  have  an 
almost  exactly  similar  distribution  and  relation  to  the  tripus,  but  pursue  the  usual 
curvilinear  course  in  passing  from  their  insertion  into  the  crescentic  process  to  the 
antero-lateral  and  lateral  regions  of  the  air-sac.  The  straight  posterior  margin  of  the 
crescentic  process  appears  to  be  free  from  any  special  fibrous  connection  with  the 
walls  of  the  sac,  at  any  rate  it  is  certain  that  it  does  not  receive  the  insertion  of  any 
of  the  converging  fibres  of  the  dorsal  wall,  and  in  this  respect  the  tripus  of  Clarias  is 
somewhat  singular.  The  reason  for  this  may  possibly  lie  in  the  fact  that  the 
posterior  margin  of  the  process  is  almost  coincident  with  the  skeletal  attachment  of 
the  dorsal  edge  of  the  posterior  wall  of  the  air-sac  to  the  dorsal  lamina. 

With  regard  to  the  remaining  Weberian  ossicles  we  could  detect  no  trace  of  an 
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intercalariuin,  and  the  interossicular  ligament  was  so  short  that  the  anterior 
extremity  of  the  tripus  appeared  to  be  almost  in  direct  contact  with  the  outer  surface 
of  the  spatulate  process  of  the  scaphium.  The  latter  ossicle  has  the  usual  spatulate 
and  condylar  processes,  but  no  ascending  process.  We  could  find  no  trace  of  claustra. 

As  far  as  the  grosser  features  in  the  structure  of  the  auditory  organ  are  concerned 
we  could  detect  no  indication  of  retrogressive  modification.  A transverse  ductus 
endolymphaticus  and  a sinus  endolymphaticus  are  present,  and  the  latter  structure 
has  the  usual  relations  to  the  cavum  sinus  imparis  and  the  atrial  cavities.  The 
closure  of  the  external  atrial  aperture  is  effected  in  the  usual  manner  by  the  spatulate 
process  of  the  scaphium. 

Clarias  magur,  C.  fuscus,  and  C.  anguillaris. 

These  species  very  closely  resemble  C.  nieuhojii  in  all  essential  features,  and,  there- 
fore, require  no  special  description.  There  is,  however,  in  each  species,  a fully 
developed,  nodular  iutercalarium  in  the  interossicular  ligament. 


(Jlarias  macr acanthus. 

The  anterior  vertebrae  and  bony  capsules  of  this  species  have  been  figured  and 
briefly  described  by  Sokensen  (37,  figs.  29,  30),  but  no  special  reference  is  made  to  the 
air-bladder,  or  auditory  organ.  The  Weberian  ossicles  are  also  figured  (Zoc.  cit.,  figs. 
316,  3l6),  including  a small  iutercalarium  in  the  interossicular  ligament. 

Heterohranchus  (sp  ?). 

We  have  had  no  opportunity  of  examining  a species  of  this  genus,  but  as  the 
structure  of  the  dorsal  fin  is  almost  the  only  point  of  importance  in  which  Hetero- 
hranchus differs  from  Clarias,  it  is  probable  that  the  air-bladder  and  Weberian 
ossicles  are  much  the  same  in  the  two  genera.  The  only  reference  that  we  have  been 
able  to  discover  is  by  Johannes  Muller  (28),  whose  brief  description  of  the  air- 
bladder  of  Heterohranchus,  as  being  enclosed  in  bone,  to  some  extent  confirms  our 
suggestion  that  it  will  be  found  to  resemble  that  of  Clarias, 


Group  : — Plotosina. 

Plotosus  canius. 

In  Plotosus  we  again  meet  with  an  air-bladder  of  the  normal  type  and  with  skeletal 
modifications  of  a very  simple  character. 

The  body  of  the  first  vertebra  (fig.  82,  v.^)  is  free  and  distinct  but  small.  The 
complex  and  fifth  vertebrae  (c.c.,  v.^)  are  about  equal  in  size  and  firmly  connected 

2 c 2 


196 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDON 


together,  their  union  being*  due  to  the  close  sutural  articulation  of  their  respective 
neural  arches,  and  to  the  continuous  investment  of  their  centra  by  superficial 
ossifications.  The  sixth  vertebra  (v.®)  is  quite  free.  The  spinous  processes  of  the 
third  and  fourth  vertebrae  are  distinct  except  at  their*  roots,  and  incline  forwards  and 
backwards  respectively.  The  rigid  connection  of  the  skull  with  the  vertebral 
column  is  secured  by  the  intimate  articulation  of  the  arch  and  spine  of  the  third 
vertebra  with  the  exoccipitals  and  supraoccipital. 

The  transverse  process  of  the  fourth  vertebra  has  a broad,  flat  root  but  distally  is 
cleft  into  short  anterior  and  posterior  divisions  of  which  the  former  is 

bent  downwards  and  flattened  antero-posteriorly,  while  the  latter  is  somewhat 
expanded  in  a horizontal  plane  and  angulated  at  its  free  distal  extremity.  The 
transverse  process  of  the  fifth  vertebra  is  very  similar  to  the  posterior  division 

of  the  preceding  process,  and  at  its  root  is  partially  confluent  therewith.  The 
succeeding  transverse  process  carries  the  first  rib  and  is  quite  distinct  from 

the  foregoing. 

Superficial  ossifications  invest  and  considerably  thicken  the  lateral  surfaces  of  the 
complex  and  fifth  vertebral  centra,  and  by  their  produced  ventral  margins  form  the 
lateral  walls  of  a median  aortic  groove.  Anteriorly,  the  ossifications  appear  to 
terminate  on  the  ventral  surface  of  the  complex  centrum,  near  its  junction  with  the 
body  of  the  first  vertebra,  in  a vertically  disposed  fan-shaped  ridge,  which  is  cleft  in 
the  centre  for  the  transmission  of  the  dorsal  aorta  (fig.  82,  sv.p.).  Dorsally,  the 
ossifications  terminate  in  a free  edge  near  the  roots  of  the  contiguous  transverse 
processes,  which  forms  the  inferior  lip  of  a groove  for  the  posterior  cardinal  vein 
and  the  anterior  lobe  of  the  mesonephros.  On  each  of  the  lateral  surfaces  of  the 
complex  centrum,  close  to  the  root  of  the  fan-shaped  subvertebral  process,  there  is  a 
somewhat  elongated  radial  nodule  (r.??.),  which  is  but  loosely  connected  with  the  centrum 
by  fibrous  tissue,  and  also  in  the  same  way  with  a slender  spicule  of  bone  (dorsal 
lamina)  that  extends  outwards  beneath  the  posterior  cardinal  vein  and  finally  blends 
with  a longitudinal  ridge  on  the  ventral  surface  of  the  root  of  the  transverse  process  of 
the  fourth  vertebra  wdiich  forms  the  dorsal  or  outer  margin  of  the  cardinal  groove. 

The  post-temporal  {pt.s.,pt.i.)  is  normal  and  has  the  usual  relations  to  the  distal 
extremity  of  the  transverse  process  of  the  fourth  vertebra  and  the  clavicle.  The 
inferior  limb  has  but  a slight  forward  inclination  as  it  passes  inwards  to  its 

articulation  with  the  basioccipital.  There  are  no  post-temporal  plates,  nor  is  any 
portion  of  the  inferior  limb  in  contact  with  the  anterior  wall  of  the  air-bladder. 

In  shape  the  air-bladder  (fig.  83)  is  a flattened  cone,  with  its  broad  end  directed 
forwards  and  firmly  buttressed  laterally  by  the  anterior  divisions  of  the  modified  trans- 
verse processes,  and  in  the  median  line,  though  to  a less  extent,  by  the  fan-shaped  sub- 
vertebral  process.  In  proportion  to  the  size  of  the  body,  the  bladder  is  fairly  large. 
Internally,  it  is  subdivided  in  the  usual  way  by  a T -shaped  arrangement  of  the 
primary  transverse  and  longitudinal  septa.  The  transverse  septum  (t.s.)  is  rather 
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naiTOw.  The  position  of  its  dorsal  margin  coincides  with  the  commencement  of  the 
posterior  third  of  the  length  of  the  bladder,  but  from  this  point  the  septum  inclines 
obliquely  forwards,  so  that  the  relatively  small  lateral  compartments  are  prolonged 
for  some  distance  beneath  the  anterior  chamber.  The  longitudinal  septum  [l.s.) 
separating  the  two  lateral  chambers  also  extends  forwards,  gradually  diminishing  in 
height  along  the  posterior  face  of  the  inclined  transverse  septum.  The  lateral  edges 
of  the  transverse  septum  are  recurved  and  directed  backwards  for  a short  distance 
parallel  to  each  other  and  to  the  longitudinal  septum.  Between  these  recurved 
margins  and  the  prolongation  of  the  longitudinal  septum  on  to  the  posterior  face  of 
the  oblique  transverse  septum,  the  lateral  compartments  extend  forwards  beneath  the 
anterior  chamber  in  the  form  of  two  cul-de-sacs,  which  finally  become  obliterated 
when  the  two  septa  blend  with  the  ventral  wall  of  the  bladder.  The  anterior 
chamber  (a.c.),  like  the  lateral  compartments  (l.c.)  has  comparatively  thin  walls, 
and  for  a limited  portion  of  their  extent  its  lateral  walls  are  in  close  relation  with  the 
superficial  skin.  The  anterior  wall  of  the  chamber  is  strengthened  by  a strong, 
tendinous  transverse  membrane  which  has  the  usual  skeletal  attachments  laterally 
and  dorsally,  and  in  the  median  line  is  firmly  inserted  into  the  lateral  and  ventral 
margins  of  the  subvertebral  process.  Both  the  anterior  and  lateral  chambers  have 
perfectly  smooth  inner  surfaces,  the  latter  being  devoid  of  even  the  rudiments  of 
secondary  transverse  septa.  In  the  general  disposition  and  skeletal  attachments  of 
the  fibres  forming  the  walls  of  the  anterior  chamber,  Flotosus  very  closely  resembles 
Macrones. 

The  scaphium  has  ascending,  condylar,  and  spatulate  processes.  The  intercalarium 
is  a thin,  discoidal  nodule  of  bone  in  the  interossicular  ligament.  The  anterior  and 
articular  processes  of  the  tripus  are  normal,  but  the  crescentic  process  (figs.  82,  83, 
r.c.)  has  but  a feebly  marked  oblique  ventral  ridge,  and  is  somewhat  hook-shaped, 
with  an  acutely-pointed  posterior  or  inner  extremity. 

The  cavum  sinus  imparis  and  its  atrial  cavities  are  perfectly  normal,  and  the  same 
may  be  said  of  the  correlated  portions  of  the  membranous  labyrinth. 

As  in  Clcirias  the  mesonephros  gives  off  a characteristic  lateral  outgrowth  on  each 
side  which  occupies  a recess  in  the  lateral  musculature  of  the  trunk,  between  the 
external  skin  and  the  outer  wall  of  the  adjacent  lateral  compartment  of  the  air- 
bladder. 

Plotosus  anguillaris. 

This  species  differs  in  no  essential  respect  from  the  preceding.  The  air-bladder  is 
perhaps  somewhat  broader  and  deeper  in  proportion  to  its  length,  and  its  walls  much 
thinner.  The  forward  extension  of  the  lateral  chambers  beneath  the  anterior  com- 
partment is  even  more  marked  than  in  P.  canius,  inasmuch  as  they  reach  the  ventral 
margin  of  the  interior  wall  of  the  bladder.  From  an  examination  of  several  young  and 
half-grown  examples  of  this  species,  it  is  obvious  that  the  air-bladder  does  not  always 
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increase  in  size  with  the  growth  of  the  body,  or,  at  all  events,  not  to  an  equivalent 
extent.  In  specimens  of  six  and  twelve  inches  in  length  respectively,  the  bladder 
was  exactly  the  same  size  in  both  cases.  The  mesonephric  diverticula  are  exception- 
ally large,  and,  in  conjunction  with  the  lateral  lobes  of  the  liver,  entirely  exclude  the 
outer  walls  of  the  anterior  chamber  from  contact  with  their  respective  lateral  cuta- 
neous areas. 

Copidoglanis  albilahris. 

As  regards  both  its  air-bladder  and  skeleton,  this  species  also  very  closely  resembles 
Plotosus  canius.  In  size,  however,  the  bladder  is  somewhat  smaller  in  proportion  to 
the  body,  and  has  much  thicker  walls.  There  is  considerable  individual  variation  in 
the  size  of  the  organ  in  this  species.  In  specimens  of  approximately  equal  size  the 
air-bladder  may  be  a third  larger  in  some  cases  than  in  others,  but  as  a rule  any 
increase  or  diminution  in  size  mainly  depends  on  the  variability  of  the  lateral 
compartments  rather  than  of  the  anterior  chamber. 

Cnidoglanis  megastoma. 

In  this  species  the  skeletal  modifications  differ  but  little  from  those  of  the  two 
preceding  genera.  The  fan-shaped  subvertebral  process  at  the  anterior  end  of  the 
complex  centrum,  and  the  expanded  and  antero-posteriorly  flattened  anterior  division 
of  the  modified  transverse  process,  are  very  strongly  developed,  and  form  an  almost 
continuous  bony  support  to  the  anterior  wall  of  the  air-bladder.  The  posterior 
division  of  the  same  process,  and  the  transverse  process  of  the  fifth  vertebra,  are 
also  greatly  produced  and  expanded,  and  on  each  side  furnish  a stout  bony  investment 
to  the  dorsal  wall  of  the  anterior  chamber.  The  superficial  ossifications  extend 
outwards  from  the  sides  of  the  complex  centrum  as  broad  bony  laminae,  and  even- 
tually become  confluent  with  the  ventral  surfaces  of  the  modified  transverse  processes, 
thus  converting  the  anterior  part  of  the  cardinal  groove  into  a complete  canal. 

The  air-bladder  is  exceptionally  well  developed,  and  has  large  anterior  and  lateral 
compartments.  Its  walls  are  thick  and  of  a peculiarly  lustrous  appearance.  The 
primary  transverse  septum  is  inclined  forwards,  although  not  to  so  great  an  extent 
as  in  Plotosus,  and  its  ventral  margin  is  coextensive  with  the  width  of  the  bladder. 
In  all  other  features  the  organ  agrees  with  that  of  Plotosus. 

The  crescentic  process  of  the  tripus  is  not  hooked  but  broad  and  thin,  and  in  the 
terminal’  part  of  its  rather  open  curvature  is  bent  downwards  and  applied  to  the 
lateral  surface  of  the  complex  centrum,  reaching  almost  to  the  ventral  margin  of  the 
latter. 
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Group  ; — Chacina. 

Chaca  lophioides. 

Cuvier  and  Valenciennes  (8)  describe  the  air-bladder  of  this  species  as  very 
large,  broader  than  long,  and  composed  of  two  lobes,  situated  one  on  each  side  of  the 
vertebral  column.  Its  large  size  may,  perhaps,  justify  the  inference  that  the  air- 
bladder  is  of  the  normal  type. 

Sub-family  : — SILURIDiE  HETEROPTERiE. 

Group  : — Silurina. 

Saccobranchus  fossilis. 

There  is  a short,  but  in  some  respects  very  inaccurate,  description  of  the  air-bladder 
of  this  species  by  Cuvier  and  Valenciennes  (8,  vol.  15,  p.  301).  Taylor  (38)  has 
also  briefly  referred  to  the  organ  as  being  very  similar  to  that  of  Clarias  magur. 
Day’s  account  (9)  is  equally  brief:  “air-vessel  tubular,  placed  transversely  across  the 
body  of  the  anterior  vertebrae,  where  it  is  entirely  enclosed  within  a bony  capsule” 
(P-  712). 

With  regard  to  the  osseous  capsules  in  which  its  diminutive  air-bladder  is  enclosed, 
Saccobranchus  presents  an  interesting  gradation  between  Clarias  and  Callomystax, 
but  the  bladder  itself  is  almost  precisely  similar  to  that  of  the  former  genus.  The 
somewhat  elongated  funnel-like  capsules  are  very  similar  on  the  whole,  both  in  shape 
and  mode  of  formation,  to  those  of  Clarias  nieuhojii.  In  one  or  two  features,  however, 
Saccobranchus  closely  resembles  Callomystax.  The  anterior  margin  of  the  transverse 
process  of  the  fourth  vertebra  is  strongly  deflected  throughout  its  entire  length,  but 
to  a greater  extent  in  its  distal  two-thirds,  where  it  forms  not  only  the  anterior  but 
also  the  ventral  wall  of  each  funnel,  and  meets  behind  the  deflected  and  anteriorly- 
curved  posterior  margin  of  the  transverse  process  of  the  flfth  vertebra.  As  in 
Callomystax,  the  decurved  anterior  margin  of  the  first-mentioned  process  unites 
internally  with  the  superficial  ossification  investing  the  lateral  surface  of  the  complex 
centrum,  and  consequently  converts  what  in  Clarias  is  a mere  slit  for  the  passage  of 
the  tripus  from  the  air-bladder  to  the  scaphium  into  a complete  foramen.  The 
characteristic  ventral  processes  which  in  Clarias  help  to  complete  the  ventral  walls  of 
the  funnels  are  absent  in  Saccobranchus,  unless  the  slightly-retroverted  edges  of  the 
lateral  ridges  bounding  the  aortic  groove  may  be  regarded  as  rudiments  of  them. 
The  two  funnels  will  therefore  have  complete  bony  walls  except  over  a small  area  in 
the  proximal  portion  of  the  ventral  surface,  and  distally  where  they  are  closed  only  by 
the  lateral  cutaneous  areas.  The  passage  for  the  posterior  cardinal  vein  (cardina. 
groove)  is  well  marked  on  the  right  side,  and,  anteriorly  both  the  vein  and  the  slender 
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anterior  continuation  of  the  mesonephros  traverse  a foramen  in  the  anterior  wall  of 
the  funnel  situated  ventrad  to  that  which  transmits  the  tripus.  On  the  left  side  both 
the  groove  and  foramen  are  very  feebly  developed.  In  the  proximal  portion  of  the 
right  funnel  there  is  a short  dorsal  lamina  passing  from  the  ventral  surface  of  the 
transverse  process  of  the  fourth  vertebra,  ventrad  to  the  cardinal  groove,  to  unite 
with  a well-marked  radial  nodule,  but  the  latter  is  in  close  contact  with  the  lateral 
surface  of  the  complex  centrum,  and  is  somewhat  loosely  united  thereto  by  fibrous 
tissue.  On  the  left  side,  through  the  narrowness  of  the  cardinal  groove,  the  dorsal 
lamina  is  very  short,  and,  with  the  radial  nodule,  is  firmly  attached  to  the  side  of  the 
complex  centrum. 

In  shape  and  structure,  and  in  the  nature  and  extent  of  its  attachments  to  the  walls 
of  the  osseous  capsules  and  to  the  tripodes,  the  air-bladder  of  Saccohranchus  closely 
resembles  that  of  Clarias.  An  intermediate  tubular  portion  connects  the  two  lateral 
air-sacs,  and  is  in  communication  with  the  oesophagus  by  a ductus  pneumaticus. 

The  scaphium  has  a very  short  rudiment  of  an  ascending  process  in  addition  to  a 
condylar  process.  An  intercalarium  is  present  in  the  form  of  an  extremely  thin 
discoidal  ossicle,  imbedded  in  the  interossicular  ligament.  The  tripus  (fig.  83,  a)  has 
a more  normal  shape  than  in  Clarias,  but  its  crescentic  process  is  an  exceptionally 
thin,  wide,  curved  lamina  of  imperfectly  ossified  bone. 

Silurus  glanis. 

We  have  but  little  to  add  to  the  description  of  this  species  which  Weber  gave  in 
his  classical  memoir,  “ De  Aure  et  Auditu  Hominis  et  Animalium,  Pars  i.,  De  Aure 
Animalium  aquatilium.”  On  Plate  V.  of  this  memoir  Weber  has  given  accurate 
figures  of  the  membranous  labyrinth  and  “ ossicula  auditus.”  The  anterior  vertebrae 
and  their  processes  are  also  figured,  but  as  Weber  failed  to  recognise  the  fusion  of 
the  second,  third,  and  fourth  vertebrae  to  form  the  “ complex  ” vertebra  the  nomen- 
clature he  applied  to  them  is  inaccurate. 

Except  for  the  absence  of  a fan-shaped  subvertebral  process,  Silurus  closely  resembles 
Plotosus  in  most  of  the  osteological  details  with  which  we  are  now  concerned,  and 
also  in  the  condition  and  skeletal  relations  of  its  air-bladder.  The  latter  organ 
(fig.  84)  is  well  developed,  and  its  walls  are  fairly  thick  though  somewhat  thinner, 
perhaps,  in  the  anterior  chamber  than  elsewhere.  In  young  specimens  of  from  four 
to  six  inches  in  length  the  bladder  is  rather  long  in  proportion  to  its  width,  but  in 
older  specimens  it  becomes  somewhat  broader  and  relatively  shorter,  and  in  the  adult 
assumes  the  usual  conical  shape.  The  transverse  septum  (t.s.)  is  a narrow  but  stout 
vertical  pillar  of  fibres,  continuous  behind  with  the  longitudinal  septum  (l.s.)  between 
the  two  lateral  compartments.  A transverse  membrane  with  the  usual  lateral  and 
dorsal  attachments  to  the  skeleton  is  closely  applied  to  the  anterior  wall.  A thin 


ON  THE  ANATOMY  OF  FISHES. 


‘201 


layer  of  fatty  tissue  is  interposed  between  the  outer  walls  of  the  anterior  chamber  and 
the  lateral  cutaneous  areas. 

The  Weberian  ossicles  are  also  very  similar  to  those  of  Plotosus,  but  the  crescentic 
process  of  the  trlpus,  like  that  of  Cnidoglanis  is  strongly  decurved  towards  its  hinder 
or  inner  extremity  and  closely  applied  to  the  lateral  surface  of  the  complex  centrum. 

Silurus  cochinchinensis. 

Day  (9)  thus  refers  to  the  air-bladder  of  this  species  : “Air  vessel  in  the  abdominal 
cavity  not  enclosed  in  bone.”  In  all  probability  the  organ  is  perfectly  normal  and 
resembles  that  of  S.  glanis. 

Wallago  attu. 

There  is  no  essential  difference  between  this  Siluroid  and  Plotosus  canius  or 
Silurus  glanis  in  the  structure  of  the  air-bladder  or  in  the  character  of  the  skeletal 
modification.* 

The  anterior  division  of  each  of  the  transverse  processes  of  the  fourth  vertebra  is 
strongly  decurved  in  relation  with  the  antero-lateral  region  of  the  air-bladder  as  in 
Macrones,  but  without  being  prolonged  into  a crescentic  process.  Near  the  distal 
end  of  the  process  there  is  an  elongated  concave  facet  for  articulation  anteriorly  with 
the  post-temporal.  There  are  no  subvertebral  processes. 

In  proportion  to  its  width  the  air-bladder  is  rather  long  and  somewhat  compressed, 
so  that  its  depth  is  equal  to,  if  not  greater  than,  its  width.  The  anterior  chamber  is 
relatively  small,  but  on  the  other  hand  the  lateral  compartments  are  very  large  and 
extend  backwards  in  the  abdominal  cavity  as  far  as  the  transverse  processes  and 
ribs  of  the  thirteenth  or  fourteenth  vertebra.  The  primary  transverse  septum  is  a 
stout,  vertical  pillar  produced  into  two  ridges  anteriorly  as  in  Arius,  which  combine 
to  form  a single  inwardly  projecting  ridge  along  the  inner  surface  of  the  ventral  wall 
of  the  anterior  chamber,  and  eventually  along  the  median  portion  of  the  anterior  wall. 
The  longitudinal  septum  is  a tympaniform  sheet  of  fibres  somewhat  thinner  than  the 
remaining  walls  of  the  lateral  compartments. 

The  Weberian  ossicles  closely  resemble  those  of  Cnidoglanis  megastoma. 


Eutropiichthys  vacha. 

We  have  only  been  able  to  examine  a skeleton  of  this  species  (fig.  85),  but  as  our 
description  of  the  modifications  which  the  anterior  vertebrae  and  their  processes 

* The  air-bladder  of  Wallago  has  been  referred  to  by  Day  (9)  as  follows : “ Air-vessel  of  moderate 
size,  situated  in  the  anterior  part  of  the  abdomen  ; on  removing  its  front  wall  it  is  found  to  bo  divided 
into  two  lateral  chambers  by  a longitudinal  septum,  which,  however,  has  a round  orifice  anteriorly  so 
as  to  admit  of  free  communication  between  the  two  sides.” 

2 D 
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undergo  in  SchUhichthys  rjarua  (p.  211,  lig.  89)  will  apply  with  scarcely  any  altera- 
tion to  the  former,  it  may  perhaps  be  concluded  that  we  have  here  a somewhat 
similar  example  of  a vestigial  and  degenerate  type  of  air-bladder.  Day  (9),  in 
his  paper  on  the  ‘ Freshwater  Siluroids  of  India,’  briefly  refers  to  the  air-bladder 
of  Eutropiiclilhys  in  the  following  terms  : “ Air-vessel  narrow,  tubiform,  placed  trans- 
versely across  the  body  of  the  anterior  vertebra,  and  all  but  its  central  portion 
enclosed  in  bone,  either  expanded  extremity  being  within  a bony  capsule  ” {loc.  cit., 
p.  713).  This  description  does  not  give  suflScient  details  to  admit  of  comparison 
with  other  types,  but  taken  in  conjunction  with  the  characteristic  modifications  of  the 
anterior  transverse  processes  it  supports  the  conclusion  suggested  above. 

Cryptopterus  micronema. 

With  the  exception  of  the  two  abnormal  species,  C.  micropits  and  C.  hexapferus,  the 
skeletal  modifications  in  the  remaining  species  of  the  genus  that  we  examined  are 
almost  identical  with  those  of  Callichrous  ceylonensis*  Perhaps  the  most  striking 
feature  in  the  different  species  of  Cryptopterus  is  the  marked  elongation  of  the  caudal 
at  the  expense  of  the  abdominal  region  of  the  body,  which  is  also  accompanied  by 
a corresponding  reduction  in  the  number  of  vertebrae  carrying  free  ribs  to  three  or 
four,  viz.,  the  fifth  or  sixth  to  the  seventh  or  eighth,  inclusive.  The  effect  of  this  on 
the  air-bladder  is  two-fold,  and  either  leads  to  the  backward  extension  of  the  organ 
into  the  lateral  musculature  of  the  tail,  or  to  the  assumption  of  a shortened  and 
almost  globose  shape. 

The  large  air-bladder  of  C.  micronema  is  on  the  whole  very  similar  to  that  of 
Callichrous,  except  that  the  anterior  chamber  is  relatively  small  and  faintly  bilobed 
in  front,  while  the  lateral  compartments  gradually  contract  into  a long,  tapering, 
tubular  prolongation  which,  after  traversing  the  short  abdomen,  extends  into  the 
anterior  third  of  the  tail,  and  there  lies  on  the  right  side  of,  and  in  contact  with,  the 
haemal  arches,  internal  to  the  lateral  caudal  muscles.  The  longitudinal  septum  is  also 
prolonged  backwards  into  this  singular  caecal  extension,  and  sub-divides  its  cavity 
into  two  lateral  canals  which,  anteriorly,  communicate  with  their  respective  lateral 
compartments.  The  walls  of  the  bladder  are  very  thin,  and  on  each  side,  for  a limited 
extent,  the  anterior  chamber  is  in  contact  with  a hlister-like  lateral  cutaneous  area, 
but  this  region  of  the  body  is  not  specially  translucent.! 

The  Weberian  ossicles,  also,  are  very  similar  to  those  of  Callichrous;  the  inter- 
calarium  has  a horizontal  process,  but  no  trace  of  an  ascending  portion. 


* See  p.  20G. 

t In  tliis  and  in  all  the  remaining  species  of  Cryptopterus,  the  disposition  and  skeletal  attachments  of 
the  fibres  foi’ming  the  walls  of  the  anterior  chamber  are  almost  precisely  the  same  as  in  Mnerones 


nemurus. 
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Cryptoi^terus  micropogon. 

This  species  very  clearly  resembles  C.  micronemci.  Relatively  to  the  large  lateral 
chambers  the  anterior  one  is  smaller  than  in  the  latter  species.  The  walls  of  the  bladder 
are  much  thicker  than  in  most  other  species  of  the  genus,  this  is  principally  due  to  the 
greater  development  of  the  inner  stratum  of  the  tunica  externa.  The  dorso-lateral 
and  venfcro-lateral  muscles  of  the  trunk  diverge  so  slightly,  that  the  lateral  walls 
of  the  anterior  chamber  are  entirely  excluded  from  contact  with  the  external  skin  ; 
the  lateral  lobes  of  the  liver  are  also  interposed  between  the  two  structures.  As  in 
C.  micronema  the  lateral  compartments  are  prolonged  in  the  form  of  a tapering  caecal 
diverticulum  into  the  anterior  section  of  the  tail.  The  intercalarium  has  a flattened 
expansion  in  the  interossicular  ligament,  and  also  a horizontal  process  which,  without 
forming  a proper  ascending  portion,  nevertheless  curves  slightly  upwards  into  the 
fibrous  wall  of  the  neural  canal  at  its  inner  or  vertebral  extremity. 

Cryptopterus  linipok. 

In  this  species  the  relatively  small  air-bladder  is  broadly  ovate  or  almost  spherical 
in  shape  and  about  as  deep  as  it  is  wide,  the  greatest  depth  being  coincident  with  the 
position  of  the  pillar -like  transverse  septum  which  occupies  the  centre  of  the  bladder, 
and  is  continuous  behind  with  the  comparatively  short  longitudinal  septum.  The 
lateral  walls  of  the  anterior  chamber  are  closely  applied  to  the  extremely  thin 
external  skin.  Dr.  Gunther  (15,  p.  40)  remarks  of  this  species,  that  it  “appears 
to  have  the  place  behind  the  head,  where  the  air-bladder  is  seen  through  the  trans- 
parent skin,  of  a dark  colour  during  life.”  Unfortunately  the  intercalarium  had  been 
damaged,  and  we  cannot  therefore  affirm  that  it  is  represented  by  more  than  an 
interossicular  nodule. 

Cryptopterus  p)(-demhangensis. 

The  walls  of  the  air-bladder,  which  in  this  species  is  otherwise  very  similar  to  that 
of  C.  limpok,  are  exceptionally  thin  and  diaphanous,  and  in  the  lateral  regions  of  the 
anterior  chamber  are  in  contact  with  large  blister-like  lateral  cutaneous  areas,  thus 
rendering  that  part  of  the  body  more  than  ordinarily  translucent. 

Cryptopterus  hicirrhis. 

So  far  as  the  air-bladder  is  concerned,  this  species  closely  resembles  the  preceding. 
The  intercalarium,  however,  not  only  consists  of  interossicular  and  horizontal 
portions,  but  the  latter  curves  slightly  uj)wards  into  the  fibrous  wall  of  the  neural 
canal,  and  there  forms  a distinct  rudiment  of  an  ascending  process. 
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Cryptoptems  micropus. 

We  examined  two  badly  preserved  examples  of  C.  micropus  and  C.  hexapterus, 
but  their  condition  was  such  that  our  results  are  necessarily  imperfect,  except  in  so 
far  as  the  skeletal  modifications  were  involved.  Enough,  however,  could  be  made 
out  to  justify  the  conclusion  that  in  both  species  the  air-bladder  was  in  an  incipient 
stage  of  degeneration. 

In  C.  micropus  the  body  of  the  first  vertebra  is  a mere  flattened  scale,  and  the 
complex  centrum  is  but  a trifle  longer  than  the  centrum  of  the  fifth  vertebra.  Both 
the  complex  centrum  and  the  basioccipital  are  provided  with  strong  accessory 
articular  processes  on  their  ventral  surfaces,  A continuous  deposit  of  superficial 
bone  thickens  the  lateral  surfaces  of  the  centra  of  the  complex  and  fifth  vertebrm, 
which,  otherwise,  are  suturally  distinct  from  each  other.  There  is  a deej)  median 
aortic  groove. 

Each  of  the  transverse  processes  of  the  fourth  vertebra  is  partially  cleft  into 
slightly  divergent  anterior  and  posterior  divisions.  The  anterior  process  has  a 
strong  ventral  curvature,  and  a deflected  anterior  margin,  but  thins  away  to  a 
somewhat  pointed  distal  extremity.  About  tbe  middle  of  its  dorsal  surface  a strong 
process  grows  upwards,  and  is  provided  with  an  outwardly-directed  facet  for 
articulation  with  the  post-temporal.  The  posterior  division  is  directed  horizontally 
outwards  and  a little  backwards,  and  is  also  flattened  in  such  a way  that  its  surfaces 
look  obliquely  forwards  towards  the  deflected  margin  of  the  anterior  division,  and 
backwards  respectively.  The  comparatively  slender  transverse  process  of  the  fifth 
vertebra  is  partially  confluent  with  the  root  of  the  preceding  process,  but  for  the 
greater  part  of  its  extent  is  directed  outwards,  parallel  and  slightly  ventrad  to  the 
latter.  In  this  way  there  is  formed  on  each  side  of  the  complex  centrum,  a 
transversely  disposed  groove,  open  ventrally  and  distally,  and  bounded  in  front  by 
the  anterior  division  of  the  transverse  process  of  the  fourth  vertebra,  and  behind  by 
the  posterior  division  in  conjunction  with  the  transverse  process  of  the  fifth  vertebra. 
The  sixth  vertebra,  and  not  the  fifth  as  in  the  more  normal  s])ecies  of  Cryptopterus, 
carries  the  first  pair  of  ribs, 

A radial  nodule  suturally  attached  to  the  side  of  the  complex  centrum  is  present, 
and  also  a dorsal  lamina  in  the  usual  position  and  with  the  usual  relations  to  the 
posterior  cardinal  vein  and  the  transverse  process  of  the  fourth  vertebra. 

The  air-bladder  is  somewhat  reniform  in  shape,  with  its  long  axis  transversely 
disposed  and  the  contour  of  its  anterior  wall  interrupted  by  a deep  emargination  in 
the  median  line.  The  mesial  portion  of  the  organ  lies  across  the  ventral  surfaces  of 
the  complex  and  fifth  vertebral  centra,  but  the  more  laterally  situated  parts  occupy 
the  grooves  enclosed  by  the  modified  transverse  processes,  and  are  widely  separated 
from  the  external  skin.  In  a specimen  five  inches  long  the  antero-posterior  extent 
of  the  bladder  was  about  6 mm,,  and  its  transverse  dimension  about  10  mm.  On 
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removing  the  ventral  wall  it  was  apparent  that  the  actual  cavity  of  the  bladder  is 
even  smaller  than  might  be  expected  from  its  diminutive  external  appearance,  inas- 
much as  the  posterior  half  of  the  organ,  which  probably  represents  the  partially 
aborted  lateral  compartments,  is  occupied  by  a close  network  of  anastomosing  fibrous 
bundles.  But  so  far  as  we  were  able  to  determine,  and  notwithstanding  these  indi- 
cations of  degeneration,  the  general  disposition  of  the  fibres  forming  the  walls  of  the 
anterior  half  of  the  bladder,  and  their  relations  to  the  axial  skeleton  and  to  the 
tripodes,  are  much  the  same  as  in  the  normal  species  of  Cryptopterus.  A ductus 
pneumaticus  is  present  and  communicates  with  the  anterior  section  of  the  bladder. 

The  crescentic  process  of  the  tripus  has  a rather  open  curvature,  its  posterior 
extremity  being  directed  but  slightly  inwards  towards  the  complex  centrum.  The 
intercalarium  consists  of  an  oblong  nodule  imbedded  in  the  interossicular  ligament, 
and  in  our  specimen  was  continued  internally  into  what  appeared  to  be  the  fractured 
rudiment  of  a horizontal  process.  The  scaphiuin  is  normal,  having  spatulate,  con- 
dylar, and  ascending  processes. 

The  cavum  sinus  imparis  and  the  atrial  cavities  are  normal,  but  we  could  arrive 
at  no  satisfactory  conclusion  as  to  the  condition  of  the  associated  portions  of  the 
membranous  labyrinth. 

Cryptopterus  liexapterus. 

Except  ill  certain  minor  details  the  anterior  vertebrae  and  their  processes  resemble 
those  of  C.  micropus.  As  in  the  latter  species  the  transverse  processes  of  the  fourth 
and  fifth  vertebrae  are  modified  to  form  on  each  side  of  the  complex  centrum  a shallow 
transversely  disposed  groove  for  the  reception  of  the  corresponding  lateral  half  of  the 
air-bladder  (fig.  86).  The  anterior  division  of  the  transverse  process  of  the  fourth 
vertebra  {t.p.'^a.)  is  shorter  and  thicker  than  in  C.  micropus,  and,  instead  of  being 
produced  distally  into  a slender  decurved  portion,  carries  the  articular  facet  for  the 
post-temporal  at  its  abruptly  truncated  extremity.  The  posterior  division  {t.p.^p.)  is 
directed  slightly  backwards,  and,  in  conjunction  with  the  equally  short  and  thick 
transverse  process  of  the  fifth  vertebra,  to  which  it  is  firmly  applied,  forms  the 
posterior  wall  of  the  groove  for  the  air-bladder.  The  first  pair  of  ribs  is  carried  by 
the  sixth  vertebra.  We  could  detect  no  trace  of  a radial  nodule  or  a dorsal  lamina. 

The  air-bladder  is  similar  in  shape  and  general  structure  to' that  of  C.  micropus,  but 
much  smaller,  its  transverse  extent  being  5 mm.,  and  its  antero- posterior  length 
2\5  mm.,  although  in  each  case  the  specimens  of  the  two  species  were  of  approximately 
equal  length.  Its  walls  are  extremely  thick,  and  laterally  are  widely  separated  from 
the  superficial  skin.  The  lateral  halves  of  the  bladder  are  in  free  communication  with 
each  other,  and  also  with  the  central  portion  of  the  oesophagus  by  means  of  a ductus 
pneumaticus. 

The  tripus  and  scaphiuin  are  also  siriilar  to  those  of  the  preceding  species,  and  the 
intercalarium  has  a distinct  horizontal  j^rocess. 
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Callichrous  ceylonensis. 

This  Siluroid  bears  a general  resemblance  to  Wallago  and  Silurus  in  the  structure 
of  its  air-bladder  and  skeleton,  but  some  of  the  minor  osteological  details  in  which  it 
differs  from  them  indicate  an  approach  to  the  J\Iacro7ies  type — a tendency  which  is, 
perhaps,  better  marked  in  some  of  the  other  species  of  the  genus. 

The  body  of  the  first  vertebra  is  exceptionally  well  developed,  being  nearly  as  large 
as  any  of  tlie  normal  centra  tliat  succeed  the  fifth.  A pair  of  stout  accessory  articular 
processes  are  developed  on  its  ventral  surface  for  articulation  with  similarly  situated 
processes  on  the  contiguous  margins  of  the  complex  centrum  and  basioccipital.  The 
centra  of  the  complex  and  fifth  vertebrae  are  also  of  somewhat  unusual  length,  that 
belonging  to  the  “ complex  ” being  about  a third  the  longer  of  the  two,  and  both  are 
much  compressed  laterally. 

The  anterior  division  of  the  transverse  process  of  the  fourth  vertebra  is  much 
stouter  than  the  posterior  ; towards  its  distal  extremity  the  former  carries  a concave 
facet  for  articulation  with  the  post-temporal,  and  is  then  strongly  decurved  and  pro- 
longed into  a rudiment  of  the  characteristic  crescentic  process  of  Macrones  and  its 
allies.  The  transverse  process  of  the  fifth  vertebra  is  quite  distinct  from  the  fore- 
going, and  about  equal  in  size  to  the  normal  processes  which  succeed  it ; a slender  rib 
is  attached  to  its  distal  extremity.  It  will  be  noticed  that  it  is  the  fifth,  and  not  the 
sixth,  vertebra,  as  in  most  other  Siluridm,  which  carries  the  first  pair  of  ribs. 

The  superficial  ossifications  are  but  feebly  developed,  and  can  scarcely  be  said  to 
appreciably  thicken  the  lateral  surfaces  of  the  complex  and  fifth  vej’tebral  centra. 
Each  ossification  is  interrupted  by  an  irregular  wavy  suture  as  it  extends  over  the 
junction  of  the  two  centra.  There  is  a deep  groove  for  the  reception  of  the  dorsal 
aorta.  Anteriorly  the  ossifications  thicken  somewhat,  and  appear  to  terminate  in  the 
accessory  articular  processes  of  the  complex  centrum.  A slightly  elongated  radial 
nodule  is  suturally  attached  to  each  side  of  the  complex  centrum,  and  to  a prominence 
on  its  dorsal  extremity  the  radial  fibres  of  the  trIpus  are  attached.  In  connection 
with  the  thickened  dorsal  end  of  the  nodule  there  is  a thin  spicule-like  dorsal  lamina 
having  the  usual  relations  to  the  cardinal  groove  and  the  transverse  process  of  the 
fourth  vertebra.  There  is  no  proper  sub  vertebral  process. 

The  inferior  processes  of  the  post-temporals  have  no  trace  of  post-temporal  plates. 

The  air-bladder  is  almost  an  exact  counterjjart  of  that  of  W allago,  and,  in  corre- 
lation with  the  laterally  compressed  shape  of  the  body,  is  narrow,  but  unusually  deep. 
The  lateral  walls  of  its  anterior  chamber  are  in  close  and  extensive  contact  with 
the  lateral  cutaneous  areas.  In  the  extent  and  nature  of  the  skeletal  attachments  of 
its  air-bladder  this  genus  closely  agrees  with  Macrones. 

The  Weberian  ossicles  very  closely  resemble  those  of  Cnidoglanis.  The  posterior 
and  inwardly  directed  portion  of  the  crescentic  process  of  the  tripus  is  not  only  bent 
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downwards  in  contact  with  the  lateral  surface  of  the  complex  centrum,  but  is  also 
prolonged  slightly  forwards  to  a pointed  termination. 

Callichrous  bimaculatus. 

The  air-bladder,  Weberian  ossicles  and  skeletal  modifications  are  precisely  similar 
to  those  of  C.  ceylonensis.  The  intercalarium,  however,  consists  of  a hook-shaped 
process  imbedded  in  the  interossicular  ligament  and  prolonged  horizontally  inwards 
as  a slender  spicule  towards  the  membranous  walls  of  the  neural  canal,  thus  forming 
a rudiment  of  the  horizontal  process  of  Macrones,  but  there  is  no  trace  of  an 
ascending  process.  The  body  in  the  region  of  the  lateral  cutaneous  areas  is  partially 
translucent. 

Callichrous  paljo. 

This  species  is  almost  identical  with  the  preceding  in  all  points  with  which  we  are 
now  concerned. 

Callichrous  hypophthalmus. 

This  species  differs  but  little  from  the  three  preceding  examples  of  the  genus. 
The  air-bladder  is,  however,  less  elongated  and  more  cordate  in  shape,  and,  relatively 
to  the  size  of  the  body,  somewhat  smaller.  As  in  most  other  species  of  Callichrous, 
the  lateral  cutaneous  areas  are  very  thin  and  externally  present  the  appearance  of 
superficial  blisters ; internally,  they  are  closely  applied  to  the  lateral  walls  of  the 
anterior  chamber  of  the  bladder.  The  extreme  thinness  and  transparency  of  these 
areas,  and  their  close  relation  to  the  thin-walled  anterior  chamber,  combined  with  the 
laterally  compressed  shape  of  the  fish,  have  the  efiect  of  rendering  this  region  of  the 
body  translucent  when  the  animal  is  held  up  to  the  light. 

The  intercalarium  consists  of  a flattened  nodule  in  the  interossiciilar  ligament, 
which  is  prolonged  horizontally  inwards  as  a slender  spicule,  and  eventually  terminates 
in  the  fibrous  wall  of  the  neural  canal,  dorsad  to  the  anterior  extremity  of  the 
complex  centrum,  and  immediately  behind  the  condylar  process  of  the  scaphium,  but 
there  is  no  trace  of  an  ascending  process. 

Shilhe  mysius. 

With  the  exception  of  one  or  two  minor  features  this  African  Slluroid  is  in  close 
agreement  with  Callichrous  ceylonensis,  both  as  regards  the  condition  of  its  air- 
bladder  and  the  general  character  of  the  associated  skeletal  modifications. 

The  air-bladder  is  less  compressed  than  in  the  latter  species,  and,  consequently,  is 
relatively  wider  and  not  so  deep.  The  primary  transverse  septum  is  thick  but  of 
somewhat  greater  transverse  extent.  Instea,d  of  being  thin  and  tympaniform,  the 
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longitudinal  septum  is  unusually  stout,  being  strengthened  by  the  aggregation  of  its 
component  fibres  into  vertically  arranged  column-like  bundles.  The  lateral  and 
antero-lateral  walls  of  the  anterior  chamber  are  somewhat  thinner  than  the  rest  of 
the  bladder  and  in  close  contact  with  the  external  skin,  but  this  region  of  the  body 
is  but  feebly  translucent. 

The  Weberian  ossicles  also  resemble  those  of  Callichrous,  except  that  the  inter- 
calarium  is  a slender  horizontally  disposed  spicule,  one  extremity  of  which  is  bifid  and 
imbedded  in  the  interossicular  ligament,  while  the  other  ends  in  the  fibrous  wall  of  the 
neural  canal  at  a point  a little  dorsad  to  the  anterior  margin  of  the  complex  centrum. 

Eutropius  niloticus. 

This  species  differs  but  little  from  the  preceding.  Relatively  to  the  size  of  the 
body,  the  air-bladder  is  perhaps  somewhat  smaller  and  has  thicker  walls,  which  are 
not  perceptibly  thinner  in  the  lateral  or  antero-lateral  regions  than  elsewhere,  neither 
is  the  body  in  any  degree  translucent  in  the  region  of  the  lateral  cutaneous  areas.  In 
shape  the  organ  is  obtusely  conical  and  somewhat  flattened,  witli  the  broad  end 
directed  forwards.  The  intercalarium  has  a slender  liorizontal 'process. 

Ailia  hengalensis. 

In  this  interesting  Indian  Siluroid  the  air-bladder  and  the  co-related  parts  of  the 
skeleton  exhibit  very  singular,  and  in  some  respects,  unique  modifications ; but  the 
only  reference  to  them  with  which  we  are  acquainted  is  by  Day  (9),  who  very  briefly 
described  the  air-bladder  as  being  very  similar  to  that  of  his  new  genus  and  species 
Ailiichthys  j^unctata,  in  which  the  organ  is  said  to  be  “ tubular,  placed  across  the 
bodies  of  the  anterior  vertebrm,  and  more  or  less  enclosed  in  bone”  {he.  cit.,  p.  713). 

The  complex  and  fifth  vei’tebrm  are  firmly  united  together  by  the  anchylosis  of  their 
neural  arches  and  spines,  as  well  as  through  the  continuity  of  the  superficial  ossifica- 
tions which  invest  the  lateral  surfaces  of  their  respective  centra.  The  sixth  vertebra 
(figs.  87,  88,  v.^)  would  be  quite  free  but  for  the  partial  coalescence  of  the  roots  of  its 
transverse  processes  with  those  belonging  to  the  fifth  vertebra,  and  carries  the  first 
pair  of  ribs.  A deep  aortic  groove  traverses  the  ventral  surfiices  of  the  complex  and 
fifth  vertebral  centra.  The  spinous  processes  of  third,  fourth,  and  fifth  vertebrae  are 
confluent,  and  form  a thin,  vertical  and  somewhat  elongated  lamina  of  bone  (fig.  88, 
91.5.^,  n.s.^)  ; anteriorly,  the  lamina  has  the  usual  articulation  with  the 

exoccipitals  and  supraoccipital. 

The  transverse  processes  of  the  fourth  and  fifth  vertebrae  (figs.  87,  88, 
are  greatly  expanded  and  confluent,  forming  on  each  side  of  the  vertebral  column  a 
broad  wing-like  outgrowth.  The  anterior  margin  of  each  outgrowth  is  bent  downwards 
in  close  contact  with  the  hinder  face  of  the  skull,  and  the  posterior  margin  is  similarly 
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deflected,  bat  to  a less  extent  (fig.  88).  A very  similar  lateral  outgrowth  (figs.  87,  88, 
v.y). ) is  also  given  off  on  each  side  from  the  ridge  bounding  the  aortic  groove,  which  is 
nearly  equal  in  extent  and  parallel  to  the  more  dorsally  situated  lamina  formed  by 
the  expanded  and  confluent  transverse  processes.  The  anterior  margin  of  each 
ventral  outgrowth  curves  upwards  and  meets  the  deflected  anterior  edge  of  the 
transverse  process  of  the  fourth  vertebra,  in  such  a way  as  to  form  an  anteriorly 
projecting  convex  surface,  which  is  closely  applied  to  the  posterior  face  of  the 
exoccipital  and  the  adjacent  portion  of  the  epiotic.  These  dorsal  and  ventral 
outgrowths  enclose  between  them,  on  each  side,  a relatively  spacious  recess  continuous 
with  each  other  posteriorly  beneath  the  centrum  of  the  fifth  vertebra,  open  laterally 
in  the  dry  skeleton,  but  closed  in  the  fresh  specimen  by  the  lateral  cutaneous  area  of  its 
side,  and  terminating  in  front  in  a shallow  bony  cul-de-sac.  At  the  anterior  extremity 
of  each  cul-de-sac,  and  on  the  inner  side,  near  the  anterior  end  of  the  complex 
centrum,  there  is  a small  oval  foramen  through  which  the  anterior  process  of  the 
tripus  passes  to  its  connection  with  the  scaphium  by  means  of  the  interossicular  liga- 
ment. On  each  side  of  the  commencement  of  the  aortic  groove  the  ventral  outgrowth 
is  perforated  by  an  oval  foramen  (fig.  87,  sp.n^')  for  the  transmission  of  the 

rami  ventrales  of  the  second  and  third  spinal  nerves,  which  primarily  leave  the  neural 
canal  between  the  exoccipital  and  the  arch  of  the  complex  vertejDra,  and,  after 
traversing  the  bony  cul-de-sac,  dorsad  to  the  anterior  cornu-  of  the  air-bladder,  pass 
to  their  peripheral  distribution  through  the  oval  foramen  in  question. 

The  post-temporal  (figs.  87,  SS,2^t.s.,  has  no  obviously  distinct  inferior  limb  for 

the  usual  articulation  with  the  basioccipital,  but  it  is  nevertheless  possible  that  the 
strip  of  bone  disposed  transversely  between  the  foramina  for  the  exit  of  the  vagus 
(fig.  87,  X)  and  the  second  and  third  spinal  nerves  may  represent  that  element, 
which,  presumably,  has  fused  internally  with  the  basioccipital,  and  posteriorly  and 
externally  with  the  conjoined  anterior  margins  of  the  ventral  outgrowth  and  the 
transverse  process  of  the  fourth  vertebra.  The  ascending  process  (figs.  87,  88,  pt.a.) 
is  greatly  expanded  and  articulates  with  the  supraoccipital,  epiotic,  and  pterotic 
bones.  The  stem  of  the  post-temporal  (pt.s.)  curves  obliquely  backwards  and  down- 
wards, and  is  firmly  applied  to  the  distal  edge  of  the  decurved  anterior  margin  of 
the  transverse  process  of  the  fourth  vertebra,  and  to  the  contiguous  distal  margin  of 
the  ventral  outgrowth  (fig.  88).  The  distal  margin  of  the  confluent  transverse 
processes  above,  and  the  corresponding  margin  of  the  ventral  outgrowth  below,  in 
conjunction  with  the  post- temporal  stem  in  front,  form  a bony  rim  which  is  only 
incomplete  behind,  and  to  this  rim  the  peripheral  margins  of  the  lateral  cutaneous 
area  of  each  side  are  attached.  The  socket  for  the  clavicle  is  a deep  groove 
between  the  post-temporal  stem  externally  and  the  distal  edge  of  the  ventral 
outgrowth  internally. 

The  air-bladder  (figs.  87,  88,  a.b.,  a.h.')  is  a tubular  structure  of  fairly  uniform  size 
throughout,  and  consists  of  a transverse  portion  (fig.  87,  a.h.)  lying  across  the  ventral 
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surface  of  the  body  of  the  sixth  vertebra,  and  also  of  two  lateral  cornua  (fig.  88,  a.h.') 
which  extend  forwards  into  the  recesses  between  the  modified  transverse  processes 
and  the  ventral  outgrowths.  Anteriorly,  each  cornu  terminates  cmcally  in  the 
shallow  cul-de-sac,  in  which  each  recess  ends  in  front,  the  entire  bladder  thus 
describing  a horse -shoe-shaped  curve  with  the  concavity  directed  forwards.*  The 
walls  of  the  bladder  are  extremely  thick,  except  towards  the  anterior  extremities  of 
the  lateral  cornua,  where  they  become  comparatively  thin.  The  transversely  dis- 
posed portion,  and  the  immediately  adjacent  sections  of  the  lateral  cornua,  are  more 
or  less  completely  filled  by  a delicate  network  of  fibrous  tissue,  which,  however, 
completely  disappears  towards  the  thin- walled  cmcal  extremities.  We  could  detect 
no  trace  of  any  free  or  open  communication  between  the  anterior  cmca  through  the 
intermediate  portion,  or  of  a ductus  pneumaticus. 

The  skeletal  attachments  of  the  air-bladder  can  be  more  or  less  closely  identified 
with  those  of  the  normal  organ  when  allowance  is  made  for  its  peculiar  shape  and 
curvature.  The  partially  solid,  intermediate  section  of  the  bladder  is  firmly  attached 
to  the  posterior  margins  of  the  ventral  outgrowths,  while  the  inner  wall  of  each 
lateral  cornu  is  firmly  connected  with  a thin  and  somewhat  oblique  longitudinal 
ridge  of  bone  which  traverses  each  of  the  lateral  surfaces  of  the  complex  and  fifth 
vertebral  centra,  and  terminates  anteriorly  in  a free  projecting  spicule,  situated  on 
the  dorsal  side  of  the  thin- walled  extremity  of  each  cornu.  The  free  spicule  in  all 
probability  represents  the  dorsal  lamina,  and  is  almost  normal  in  its  position  and 
relations ; the  longitudinal  ridge  itself  may  perhaps  be  regarded  as  an  abnormal 
development  of  the  oblique  lateral  ridge  of  the  complex  centrum,  in  which  case  its 
extension  backwards  along  the  lateral  surfaces  of  the  complex  and  fifth  vertebral 
centra  must  be  due  to  the  curious  infolding  of  the  proper  anterior  wall  of  the 
bladder  in  the  formation  of  its  characteristic  horse-shoe-like  curvature,  which  has 
caused  the  ridge  to  lie  behind,  and  to  become  confluent  with,  the  posterior,  instead  of 
the  anterior,  extremity  of  the  dorsal  lamina.  The  hollow  thin-walled  extremity  of 
each  lateral  cornu  has  much  the  same  structure  as  the  lateral  half  of  an  ordinary 
anterior  chamber,  and  into  its  dorsal  wall  the  crescentic  process  of  the  tripus  is 
inserted.  It  is  not  possible,  however,  to  identify  any  special  tracts  of  fibres  con- 
verging towards  the  crescentic  process  from  the  anterior  and  lateral  walls  of  the 
cfEcum,  but  that  portion  of  the  dorsal  wall  which  extends  from  the  inner  edge  of  the 
process  to  an  insertion  into  the  free  spicular  extremity  of  the  longitudinal  ridge,  may 
perhaps  be  considered  to  represent  the  radial  fibres  of  other  Siluridse. 

The  relations  of  the  ventral  outgrowths  to  the  air-bladder  suggest  that  they  should 
be  regarded  as  due  to  an  excessive  development  of  such  structures  as  are  represented 
in  a feebler  degree  by  the  characteristic  ventral  processes  of  BagaHus,  Glyptosternum, 
and  Clarias,  or  more  closely  perhaps  by  the  bony  laminse  which,  in  such  extremely 

* The  width  of  the  air-bladder  was  2'5  mm.,  and  the  length  measured  along  its  curvature,  10  mm., 
the  specimen  itself  being  4|  inches  long. 
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abnormal  forms  as  Loricaria  Callichthys  and  Hypophthahnus  constitute  the  ventral 
walls  of  the  bony  capsules  for  the  air-bladder.  There  is  no  trace  of  any  superficial 
fibrous  investment  to  the  bladder,  or  of  a transverse  membrane,  in  fact,  the  place  of 
these  structures  is  really  taken  by  the  ventral  outgrowths  which  here,  as  in  other 
instances,  may,  with  some  probability,  be  regarded  as  due  to  the  ossification  of 
the  former. 

The  tripus  is  very  similar  to  that  of  Glyptosternum,  the  crescentic  process  having  so 
slight  an  inward  curvature  as  to  be  almost  straight.  The  intercalarium  is  a very  small 
nodule  of  bone  imbedded  in  the  interossicular  ligament.  Except  that  it  has  no 
ascending  process,  the  scaphium  is  normal. 

The  cavum  sinus  imparis  and  the  atrial  cavities  differ  in  no  essential  respect  from 
those  of  the  more  normal  Siluridae,  but,  unfortunately  the  auditory  organ  in  the  only 
example  of  this  species  that  we  were  able  to  examine  was  too  badly  preserved  to 
admit  of  any  reliable  results  as  to  its  structure  being  obtained. 

Schilbichthys  garua. 

In  its  skeletal  modifications  this  species  bears  some  resemblance  to  Cryptopterus 
microims,  and  also,  but  in  a lesser  degree,  to  Bagarius,  Glyptosternum,  and  other 
similarly  modified  Siluroids.  As  we  have  already  pointed  out,  the  agreement  between 
Schilbichthys  and  Eutropiichthys  is  very  striking.  The  air-bladder  is  said  by  Day  (9) 
to  be  “ small,  somewhat  heart-shaped,  and  closely  attached  to  the  bodies  of  the 
anterior  vertebrae”  {loc,  cit.,  p.  709). 

The  first,  the  complex,  and  the  fifth  and  sixth  vertebrae  are  rigidly  connected  with 
one  another  and  to  the  skull.  The  body  of  the  first  vertebra  is  very  small,  and 
inferiorly  appears  to  be  completely  enclosed  within  the  contiguous  concavities  of  the 
basioccipital  and  complex  centrum.  The  length  of  the  complex  centrum  (fig.  S9,  c.c.) 
is  nearly  twice  that  of  the  fifth  centrum  {v}),  and  the  latter,  in  turn,  bears  about  the 
same  proportion  to  the  normal  vertebral  centra  which  succeed  it.  The  neural  arches 
of  the  complex  and  two  folio wdng  vertebrae  are  confluent,  or,  at  the  most,  are  only 
partially  separated  by  faint  irregular  sutures.  The  spine  of  the  third  vertebra  is 
represented  by  a thin  ridge  of  bone  which  thickens  anteriorly,  and  slopes  upwards  and 
forwards  to  its  articulation  with  the  supraoccipital  and  exoccipital ; posteriorly,  the 
ridge  is  continuous  with  the  base  of  the  long  and  stout  spine  of  the  fourth  vertebra, 
which  inclines  obliquely  backwards,  overlapping  and  almost  suppressing  the  spinous 
process  of  the  fifth  and  sixth  vertebras.  The  seventh  vertebra  {vJ)  is  quite  free. 

The  transverse  process  of  the  fourth  vertebra  {t-p-^)  has  a broad  root,  slightly 
concave  on  the  ventral  surface,  and  a distal  half,  which  is  greatly  expanded,  and  has 
its  anterior  and  posterior  margins  curved  directly  downwards  in  such  a way  that  they 
form  the  sides  of  a short  but  relatively  deep,  transversely  disposed,  bony  semi-cylinder, 
the  cavity  of  which  is  open  distally  as  well  as  ventrally  in  the  dry  skeleton.  In  the 
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fresh  specimen,  on  the  contrary,  a ventral  wall  to  each  semi-cylinder  is  furnished  by  a 
tough  fibrous  membrane  which  stretches  between,  and  is  attached  to,  the  decurved 
margins  of  the  transverse  process,  and  is  also  continued  over  the  ventral  surface  of  the 
air-bladder,  while  the  distal  apertures  of  the  seini-cylinders  are  closed  by  the  external 
skin.  The  transverse  process  of  the  fifth  vertebra  {t.p})  is  a short  flattened  process 
of  bone,  free  proximally  but  suturally  united  at  its  distal  extremity  to  a small  projec- 
tion from  the  deflected  posterior  margin  of  the  preceding  process.  The  transverse 
processes  of  the  sixth  vertebra  carry  the  first  pair  of  ribs. 

Superficial  ossifications  {s.os)  considerably  thicken  the  sides,  and  especially  the 
ventro-lateral  margins  of  the  complex  and  fifth  vertebral  centra,  and  even  overlap  the 
body  of  the  sixth  vertebra  behind,  as  well  as  obscure  the  centrum  of  the  first  vertebra 
and  blend  with  the  basioccipital  in  front.  The  ventral  edges  of  the  ossifications  are 
not  only  thickened  but  flattened  out  laterally  so  as  to  give  rise  to  two  longitudinal 
ridges  the  free  margins  of  which  are  directed  outwards.  These  ridges  are  very  similar 
to  the  ventral  ridges  of  Bagarius,  but,  while  they  enclose  between  them  a shallow 
aortic  groove  {(i.g.),  do  not  give  rise  to  even  a trace  of  the  ventral  processes  so 
characteristic  of  the  last-mentioned  Siluroid.  There  are  no  obvious  grooves  for  the 
posterior  cardinal  veins,  nor  could  we  discover  any  trace  of  radial  nodules  or  dorsal 
laminae. 

The  post-temporal  has  a very  slender  inferior  limb  [p)t.i.)  which  is  directed  obliquely 
forwards  to  its  articulation  with  the  basi-occipital,  and  for  the  distal  half  of  its  length 
is  closely  applied  to  the  anterior  wall  of  the  semi-cylindrical  transverse  process.  The 
ascending  process  {pt.,  a.),  is  somewhat  flattened,  and  has  the  usual  articulation  with 
the  epiotic,  pterotic,  and  supra-occipital  bones  of  the  skull.  The  stem  of  the  post- 
temporal {pt.,  s.),  is  deeply  cleft  into  a long  outer  and  much  shorter  inner  process, 
which  enclose  between  them  a socket  for  the  head  of  the  clavicle.  The  inner  of  the 
two  processes  is  firmly  applied  to  the  anterior  margin  of  the  distal  aperture  of  the 
bony  semi-cylinder  of  the  same  side. 

In  the  skull  the  recesses  for  the  sacculi  are  exceptionally  small,  but  the  cavum  sinus 
imparis  and  the  atrial  cavities  appeared  to  be  perfectly  normal. 

The  air-bladder  {a.h.)  is  broadly  ovate  in  shape  and  greatly  flattened.*  Along  its 
median  antero-posterior  axis  the  bladder  is  perfectly  solid,  owing  apparently  to  the 
fusion  of  its  dorsal  and  ventral  walls  anteriorly,  and  to  the  exceptional  thickness  of 
the  longitudinal  septum  posteriorly,  and  is  also  moulded  and  closely  adherent  to  the 
lateral  and  ventral  surfaces  of  the  complex  and  fifth  vertebral  centra,  more  especially 
to  the  flattened-out  ventral  margins  of  the  superficial  ossifications.  Laterally  to  this 
longitudinal  partition  each  half  of  the  bladder  is  hollow  and  rests  by  its  dorsal  surface 
on  the  roots  of  the  transverse  processes  of  the  fourth  and  fifth  vertebras,  and  to  some 
extent  bulges  outwards  into  the  cavity  of  the  corresponding'^bony  semi-cylinder,  but 

* In  a specimen,  eight  inches  long,  the  maximum  width  of  the  organ  was  11  mm.,  and  the  length 
9'. 5 mm. 
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without  completely  filling  the  latter,  or  extending  as  far  as  the  external  skin,  while 
its  anterior  and  antero-lateral  margins  are  supported  by  the  inferior  limb  of  the  post- 
temporal.  By  these  modifications  the  air-bladder  becomes  divided  into  two  sy  mm^etrical 
lateral  compartments  by  a broad,  solid,  and  continuous  longitudinal  partition.  We 
could  discover  no  trace  of  a ductus  pneumaticus,  or  of  any  communication  between 
the  lateral  cavities.  A rudiment  of  a transverse  septum  (^.s.)  partially  subdivides  each 
cavity  into  a relatively  large  anterior  moiety,  and  a very  small  posterior  chamber, 
which  intercommunicate  round  the  free  outer  edge  of  the  septum,  and  may  be 
compared,  the  former  to  the  lateral  half  of  an  anterior  chamber,  and  the  latter  to  a 
rudimentary  lateral  compartment.  The  transverse  septum  is  continuous  mesially 
with  the  thick  longitudinal  partition,  and  dorsally  and  ventrally  with  the  correspond- 
ing walls  of  the  bladder.  The  dorsal  edge  of  the  septum  is  firmly  attached  to  the 
posterior  margin  of  the  root  of  the  transverse  process  of  the  fourth  vertebra. 
Notwithstanding  its  small  size  and  partial  encapsulation  by  bone,  the  air-bladder  has 
extremely  thick  walls,  composed  of  densely  matted  fibres,  in  which,  for  the  most  part 
no  very  definite  arrangement  can  be  made  out.  Nevertheless,  in  the  comparatively 
thin  anterior  portion  of  the  dorsal  wall  radially  arranged  (in.st.)  and  curvilinear 
fibres  may  be  seen,  which  here,  as  in  the  normal  Siluridae,  converge  from  the  anterior 
and  antero-lateral  walls  of  each  half  of  the  bladder  to  their  insertion  into  the 
crescentic  process  of  the  tripus  (tr.c.).  Radial  fibres  may  also  be  seen  converging 
from  the  inner  margin  of  the  crescentic  process,  and  from  its  ventral  ridge,  towards 
the  lateral  surface  of  the  complex  centrum,  to  which  they  appear  to  be  directly 
attached  without  the  intervention  of  a radial  nodule. 

The  scaphium  has  no  ascending  process,  but  is  otherwise  normal,  and  its  spatulate 
process  has  the  usual  relations  to  the  external  atrial  aperture  of  its  side.  The  inter- 
calarium  is  a small  osseous  nodule  in  the  interossicular  ligament.  The  crescentic 
process  of  the  tripus  {tr.c.)  occupies  its  normal  position  imbedded  in  the  antero- 
internal  portion  of  the  dorsal  wall  of  each  half  of  the  bladder,  but  has  a very  unusual 
shape.  Instead  of  being  curved,  as  in  most  Siluridae,  the  process  is  short  and  broad, 
somewhat  triangular  in  outline,  with  the  apex  directed  backwards.  The  converging 
fibres  of  the  dorsal  wall  of  the  bladder  are  inserted  into  a longitudinal  ridge  on  the 
ventral  surface  of  the  process  ; anteriorly,  this  ridge  is  continued  forwards  to  a point 
near  the  origin  of  the  articular  process,  and  there  receives  the  insertion  of  the  usual 
slip  of  fibres  derived  from  the  mesial  portion  of  the  corresponding  lateral  half  of  the 
anterior  wall  of  the  bladder.  The  claustra  are  unusually  well  developed,  and  rest  by 
their  expanded  bases  on  the  dorso-lateral  margins  of  the  body  of  the  first  vertebra. 

La'is  hexanema. 

This  Siluroid  so  closely  resembles  Cryptopterus  limpok  as  regards  the  shape, 
structure,  and  skeletal  relations  of  its  air-bladder,  that  no  special  description  of  the 
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organ  need  be  given.  Both  the  trIpus  and  scaphiinn  are  normal,  but  the  iiiter- 
calariura  has  no  horizontal  process  and  is  represented  by  a small  bony  nodule  in  the 
interossicular  ligament. 

Pseudeutrojnus. 

We  have  not  been  able  to  examine  any  examples  of  this  genus,  which  apparently 
only  differs  from  Schilbichthys  in  the  presence  of  a small  adipose  dorsal  fin,  but  Day 
(9,  p.  709)  briefly  refers  to  the  air-bladder  of  three  species,  viz.,  P.  atherinoides, 
P.  murius,  and  P.  goongwaree.  In  the  first-mentioned  of  these  species  the  air-bladder  is 
said  to  be  of  “ large  size,  as  wide  as  the  abdominal  cavity,  and  on  removing  its  front 
wall  a longitudinal  septum  is  seen  dividing  it  into  lateral  portions  which,  however, 
communicate  anteriorly.”  The  same  writer  remarks  that  in  some  of  the  larger 
species,  such  as  P.  murius  { = Eutro2)ius  (?)  wwrms),  and  P.  goongivaree,  “ the  air-vessel 
is  larger  than  in  P.  garua  (=  Schilbichthys  garua),  and  comparatively  considerably 
smaller  than  in  P.  atherinoides."  He  also  adds  that  “ P.  garua  has  the  smallest  air- 
vessel  amongst  the  larger  species  which  I have  examined.”  Day’s  descriptions  are 
too  brief  to  admit  of  any  inferences  being  drawn  from  them,  except,  perhaps,  that  the 
air-bladder  of  Pseudeutropius  is  of  the  normal  type  and  exhibits  considerable  variation 
in  size  in  different  species. 

Pangasius  Buchanani. 

In  this  Siluroid  we  meet  with  several  interesting  features,  and  notably  the  re- 
appearance of  an  “ elastic-spring  ” apparatus,  the  existence  of  which  in  the  East 
Indian  genus  Pangasius  has  not  hitherto  been  recorded.  Johannes  Muller  (28),  in 
his  list  of  those  Siluridse  in  which  he  had  discovered  this  mechanism,  not  only 
excluded  Pangasius,  but,  by  implication,  if  not  explicitly,  denied  its  existence  in  this 
genus.  Taylor  (38)  and  Day  (9)  have  described  the  air-bladder  of  P.  Buchanani, 
but  they  also  failed  to  recognise  the  presence  of  the  mechanism. 

The  body  of  the  first  vertebra  is  fairly  well  developed,  being  visible  in  the  floor  of 
the  neural  canal,  and  also  on  the  ventral  surface  between  the  complex  centrum  and 
the  basioccipital  (see  P.  djarnbal,  fig.  90,  v.^).  The  complex  and  two  following 
vertebrjB  are  rigidly  connected  together,  partly  by  the  superficial  ossifications,  and 
partly  by  the  firm  sutural  union  and  partial  anch}dosis  of  their  respective  neural 
arches  and  spinous  jwocesses.  The  complex  centrum  is  very  large,  exceeding  in 
length  the  centra  of  the  fifth  and  sixth  vertebrae  taken  together  (c.c.,  v.°,  u®).  The 
spines  of  the  third  and  fourth  vertebrae  are  united  at  their  bases  by  a thin  ridge  of 
bone,  but  are  otherwise  distinct,  the  former  inclining  forwards  to  its  connection  with 
the  supraoccipital  and  exoccipitals  through  the  intervention  of  a considerable  amount 
of  intercalated  cartilage,  while  the  latter  is  directed  obliquely  backwards,  overlapping, 
and  to  some  extent  suppressing,  the  partially  confluent  spines  of  the  fifth  and  sixth 
vertebrae.  The  seventh  vertebra  is  quite  distinct. 
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The  transverse  process  of  the  fourth  vertebra  is  cleft  to  its  root  into  distinct 
anterior  and  posterior  divisions.  The  former  {tp.'^a.),  as  in  Auchenipterus  and 
Malapterurus,  has  an  oblique  origin  from  the  neural  arch  of  the  complex  vertebra, 
and  from  thence  curves  slightly  forwards,  and  at  the  same  time  downwards,  in  the 
form  of  a thin  and  highly  elastic  lamina  of  bone,  and  finally  terminates  by  expanding 
into  an  oval  plate,  the  long  axis  of  which  is  directed  from  its  dorsal  extremity 
downwards,  and  a little  outwards  and  forwards.  The  faces  of  the  plate  are  somewhat 
oblique,  but  nevertheless  look  almost  directly  forwards  and  backwards  respectively. 
The  posterior  face  is  nearly  flat,  but  roughened  by  faint  longitudinal  ridges ; the 
anterior  face,  on  the  contrary,  is  thickened  and  somewhat  convex,  more  especially 
near  its  dorsal  edge,  where  it  becomes  continuous  with  the  elastic  root.  The  margins 
of  each  plate  are  thin  and  extremely  brittle.  The  protractor  muscle  of  the  plate 
(figs.  91,  92,  has  an  origin  similar  to  that  of  the  corresponding  muscle  in 

Auchenipterus,  and  an  insertion  which  coincides  with  the  thickened  dorsal  part  of  the 
anterior  face  of  the  plate.  As  in  other  Siluroids  with  an  “ elastic-spring  ” apparatus, 
the  spring  and  its  terminal  plate  are  widely  distinct  from  the  post-temporal,  and  in 
no  way  contribute  to  the  support  of  the  pectoral  girdle.  The  posterior  division  of  the 
transverse  process  (fig.  90,  tp^p.)  is  not  decurved,  but  forms  a horizontally  arranged 
and  somewhat  expanded  flat  plate  of  bone.  The  transverse  process  of  the  flfth 
vertebra  {t.p.^)  is  similar  in  shape,  but  more  slender,  and  at  its  root  slightly  overlaps 
the  preceding  process.  The  transverse  processes  of  the  sixth  vertebra  (t.pA)  are 
normal,  and  to  their  distal  extremities  the  first  pair  of  ribs  (r.^)  is  attached. 

The  superficial  ossifications  (fig.  90,  s.os.)  are  thickest  where  they  invest  the  lateral 
surfaces  of  the  complex  centrum,  but  gradually  thin  away  posteriorly  until  they  are 
reduced  to  comparatively  inconspicuous  ridges  along  the  ventro-lateral  margins  of  the 
fifth  and  sixth  vertebral  centra.  Their  ventral  margins  form  two  longitudinal  ridges 
which  enclose  between  them  a well  marked  groove  for  the  dorsal  aorta.  On  each  of 
the  lateral  surfaces  of  the  complex  centrum  there  is  a short  oblique  ridge,  and  at  the 
dorsal  extremity  of  this  a short  radial  nodule  (r.n.).  A dorsal  lamina  (d.l.)  is  prolonged 
from  each  nodule  in  the  form  of  a thin  obliquely  disposed  strip  of  bone,  which  has  the 
normal  relations  to  the  cardinal  groove  (cd.g.),  and  finally  blends  with  the  ventral 
surface  of  the  posterior  division  of  the  transverse  process  of  the  fourth  vertebra. 

As  in  Auchenipterus  and  Synodontis,  and,  for  the  same  reason,  the  inferior  limb  of 
the  post-temporal  (fig.  90,  pt.i.)  is  strongly  developed,  and  has  an  exceptionally 
extensive  and  firm  articulation  with  the  basioccipital : the  ascending  process  also  has 
an  equally  rigid  connection  with  the  skull.  The  posterior  face  of  the  inferior  limb  is 
slightly  hollowed  out  for  the  reception  of  the  oval  plate  of  the  “ elastic-spring  ” 
mechanism  when  the  latter  is  pulled  forwards  by  the  contraction  of  its  protractor 
muscle.  Normally  a space  of  about  5 mm.  intervenes  between  the  two  structures,  and 
through  this  interval  the  oval  plate  moves  according  as  it  is  pulled  forwards  by  the 
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contraction  of  its  muscle  or  returns  to  its  previous  position  through  the  elastic  recoil 
of  its  root  on  the  muscle  ceasing  to  contract. 

The  air-bladder  (figs.  91  and  92)  consists  of  an  anterior  portion,  which  is  broad  in 
front  and  oval  behind,  and  corresponds  to  the  whole  of  a normal  bladder,  and  also  of 
a contracted  tubular  part  extending  backwards  in  the  substance  of  the  kidney  to 
within  about  half-an-inch  of  the  anus.  The  anterior  portion  (fig.  91)  is  divided 
internally  into  a short  but  broad  anterior  chamber  (a.c.),  and  two  relatively  large 
lateral  compartments  {l.c.)  by  the  usual  primary  transverse  {t.s.)  and  longitudinal  {l.s.) 
septa.  The  posterior  section  of  the  bladder  is  a simple  tubular  caecum  com- 

municating anteriorly  with  both  the  lateral  chambers  but  terminating  blindly  behind. 
The  walls  of  the  caecum  are  strengthened  internally  by  a series  of  projecting  annular 
ridges,  but  the  longitudinal  septum  separating  the  two  lateral  compartments  anteriorly 
extends  into  the  cavity  of  the  caecum  for  only  a very  short  distance.  The  cavities  of 
the  two  lateral  chamibers  (fig.  91,  l.c.)  are  subdivided  and  greatly  broken  up  by  the 
formation  of  numerous  secondary  transverse  septa  (<.s.^),  which  grow  out  from  the 
sides  of  the  longitudinal  septum  and  terminate  laterally  in  free  concave  margins 
before  quite  reaching  the  outer  walls  of  the  chambers.  The  secondary  septa  are 
further  complicated,  and  the  spaces  they  enclose  additionally  sacculated  by  the 
growth  of  numerous  root-like  bundles  of  fibres,  which  extend  between  the  opposed 
faces  of  the  septa,  and  from  thence  into  the  adjacent  ventral  wall  of  the  bladder. 
The  primary  transverse  septum  is  unusually  thick,  and  the  width  of  its  ventral 
margin  but  a little  less  than  that  of  the  bladder  itself  (figs.  91  and  92,  t.s.).  The 
more  contracted  dorsal  edge  of  the  septum  is  firmly  adherent  to  the  ventral  surface 
and  sides  of  the  posterior  portion  of  the  complex  centrum,  and  anteriorly  to  this,  on 
each  side,  is  inserted  also  into  the  posterior  margin  of  the  dorsal  lamina,  while  the 
more  lateral  portions  of  the  septum  have  their  dorsal  margins  attached  to  the  ventral 
surfaces  of  the  posterior  divisions  of  the  transverse  processes  of  the  fourth  vertebra. 

In  the  general  structure  of  the  walls  of  the  anterior  chamber  and  in  the  disposition 
and  skeletal  attachments  of  their  component  fibres  Pa7igasius  closely  agrees  with 
Macrones  (fig.  92,  a.c.).  A noteworthy  feature,  however,  is  the  thinness  and  trans- 
parency of  its  walls  over  a well  defined  oval  area  in  each  of  its  antero-lateral 
regions.  The  thinness  of  these  areas  is  due  to  the  extreme  tenuity  of  the  tunica 
externa,  each  area  being  mainly  formed  by  the  delicate  tunica  interna,  which  here,  as 
in  other  Siluridae,  lines  the  whole  of  the  interior  of  the  air-bladder,  including  the 
camerated  lateral  compartments  and  the  tubular  caecal  appendage.  To  the  external 
faces  of  these  areas,  but  without  being  otherwise  than  feebly  attached  thereto  by  a 
delicate  connective  tissue,  the  oval  plates  of  the  “ elastic-spring  ” mechanism  are 
applied.  The  lateral  walls  of  the  anterior  chamber  are  closely  related  to  lateral 
cutaneous  areas  (fig.  91,  Z.c.a.),  but  a thin  stratum  of  fat  prevents  the  two  structures 
from  coming  into  actual  contact  except  perhaps  for  a very  limited  extent. 

A fairly  strong  transverse  membrane  invests  the  median  portion  of  the  anterior 
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wall  of  the  air-bladder,  and,  dorsally,  is  firmly  attached  to  the  ventral  surface  of  the 
anterior  end  of  the  complex  centrum,  to  its  oblique  lateral  ridges,  and  to  the  dorsal 
laminae ; laterally  to  this  point,  on  each  side,  the  dorsal  edge  of  the  membrane  blends 
with  the  floor  of  the  saccus  paravertebralis,  while  its  outer  edge  becomes  continuous 
with  the  inner  and  ventral  margins  of  the  oval  plate  of  the  “ elastic-spring 
apparatus  ; on  the  outer  edge  of  each  plate,  with  which  it  is  also  continuous,  the 
membrane  reappears  and  finally  blends  with  the  ligamentous  fibres  connecting  the 
post-temporal  and  clavicle.  Dorsally  and  anteriorly  the  membrane  seems  to  be 
partially  continuous  with  the  aponeurotic  membrane  (fig.  91,  ap.m.),  which,  after 
investing  the  dorsal  surface  of  the  anterior  section  of  the  mesonephros  in  the  usual 
manner,  and  extending  over  the  ventral  surfaces  of  the  inferior  limbs  of  the  post- 
temporals and  the  basioccipital,  ultimately  becomes  continuous  with  the  dorsal 
extension  of  the  pericardio-abdominal  septum.  Along  its  entire  ventral  margin  the 
transverse  membrane  is  reflected  backwards  on  to  the  ventral  surface  of  the  air- 
bladder,  where  it  soon  ceases  to  be  traceable. 

The  relations  of  the  oval  plates  of  the  “ elastic-spring  ” mechanism  to  the  transverse 
membrane,  combined  with  the  almost  complete  disappearance  of  the  tunica  externa 
where  the  plates  are  applied  to  the  wall  of  the  anterior  chamber,  suggests 
that  Sorensen’s  conclusion  as  to  the  mode  of  formation  of  the  plates  in  Synodontis 
and  Doras  is  equally  applicable  to  Pangasius,  and  that  these  structures  in  the  last 
mentioned  Siluroid  result  from  the  ossification  of  both  the  tunica  externa  and  the 
transverse  membrane. 

There  are  certain  discrepancies  between  the  brief  descriptions  of  the  air-bladder  of 
this  species  given  by  Taylor  and  Day,  and  that  given  by  us,  to  which  reference 
must  be  made.  Taylor’s  account  (38)  of  the  bladder  of  Pimelodus  pangasius,” 
Ham.  Buch.  (=  Pangasius  Buchanani,  Cuv.  and  Val.),  is  to  the  effect  that 
the  organ  is  composed  of  four  or  more  portions  extending  in  a line  from 
opposite  the  pectoral  fins  to  near  the  end  of  the  tail.  The  first  is  said  to  be 
generally  oval,  the  second  pyramidal,  and  the  two  last,  which  run  between  the 
caudal  portions  of  the  lateral  muscles,  approach  to  a cylindrical  shape.  The  numerous 
septa  on  its  internal  surface  are  described  as  descending  from  above  downwards  in 
the  first  portion,  in  the  second  they  are  transversely  arranged,  but  in  the  posterior 
ones  form  a number  of  irregular  cells.  Day’s  account  (Z.c.,  p.  700)  is  in  the  following 
terms: — “Air-vessel  large,  extensive,  and  divided  into  thi-ee  portions.  The  anterior 
is  somewhat  heart-shaped,  considerably  the  largest,  and  extends  from  the  commence- 
ment of  the  vertebral  column  to  nearly  opposite  the  posterior  extremity  of  the 
pectoral  fin.  Its  remaining  portions  are  narrow,  compressed,  and  continued  to 
opposite  the  middle  of  the  anal  fin,  amongst  the  muscles  covering  the  h?emal  sj)ines 
It  then  becomes  narrow  and  reduplicated  on  itself  for  a short  distance.  On  removing 
the  front  wall  of  its  first  or  largest  portion,  its  interior  is  seen  to  consist  of  two  pear- 
shaped  cavities,  the  bases  of  which  are  inferior  and  lateral,  whilst  they  coalesce 
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anteriorly ; the  whole  of  the  posterior  half  of  this  portion  is  cellular ; and  so  is  the 
small  intermediate  space  between  the  two  uncelled  pyriform  portions.  The  two 
posterior  divisions  of  the  air-vessel  have  valvular  shaped  folds,  partially  subdividing 
its  interior.”  As  regards  the  subdivision  of  the  bladder,  the  two  accounts  are  neither 
reconcilable  with  each  other,  nor  with  the  desci'iption  given  above  by  us,  and 
assuming  that  the  specimens  examined  by  Day  and  Taylor  were  really  examples 
of  P.  Buchanani,  we  can  suggest  no  explanation  of  the  discrepancy.  Our  own 
specimen  was  one  from  Dr.  Day’s  collection  of  East  Indian  Siluroids,  and  had  been 
named  by  him  P.  Buchanani,  and  we  may  also  add  that  its  characters  agreed  in 
almost  every  detail  with  the  description  of  this  species  in  the  British  Museum 
Catalogue  of  Fishes  (vol.  5,  p,  62).  It  will  be  noticed,  however,  that  both  Taylor 
and  Day  agree  as  to  the  extension  of  the  air-bladder  into  the  caudal  muscles,  which 
was  certainly  not  the  case  in  the  specimen  examined  by  us. 

The  scaphium  is  normal.  The  intercalarium  is  a relatively  small  nodule  in  the 
interossicular  ligament  without  horizontal  or  ascending  processes.  The  crescentic 
process  of  the  tripus  is  somewhat  unusually  broad  and  flattened.  From  its  root 
backwards  the  process  is  directed  at  first  slightly  outwards,  and  then  curves  inwards 
and  downwards  in  contact  with  the  lateral  surface  of  the  complex  centrum,  and 
finally  in  the  form  of  a pointed  process,  extends  slightly  forwards  along  the  ventro- 
lateral margin  of  the  centrum  towards  the  radial  nodule  (fig.  92,  tr.c.).  A ventral 
ridge  traverses  the  root  of  the  crescentic  process,  as  in  Macj^ones,  and,  anteriorly, 
receives  the  insertion  of  a slip  of  fibres  derived  from  the  mesial  portion  of  the 
anterior  wall  of  the  bladder  (fig.  92),  and  posteriorly  the  attachment  of  the  fibres 
converging  from  the  antero-lateral  and  lateral  walls  into  the  dorsal  wall  of  the 
anterior  chamber.  Strong  radial  fibres  {)'./.)  pass  from  the  inner  margin  of  the 
ridge,  and  from  the  concavity  of  the  crescent,  to  the  radial  nodule.  The  crescentic 
process  is  in  close  relation  with  the  ventral  surface  of  the  flexible  root  of  the  “ elastic- 
spring” apparatus,  and  it  seems  to  us  that  the  ventral  curvature  of  the  latter  must 
restrict  the  lateral  movements  of  the  tripus  within  very  narrow  limits,  except  when 
the  protractor  muscle  pulls  each  oval  plate  forwards,  and  consequently  widens  the 
curvature  of  its  elastic  root.  Hence,  as  in  Auchenipterus,  the  mobility  of  the  tripus 
may  be  to  some  extent  controlled  or  regulated  by  the  action  of  the  “ elastic-spring” 
apparatus.  The  claustra  are  exceptionally  large  and  somewhat  triangular  ossicles, 
with  their  apices  extending  upwards  into  the  intercalated  cartilage,  which  largely 
persists  between  the  spinous  process  of  the  third  vertebra  and  the  exoccipitals  and 
supraoccipital,  and  their  broad  bases  resting  on  the  lateral  margins  of  the  thick  mass 
of  fibrous  tissue  which  forms  the  posterior  wall  of  the  two  atrial  cavities. 

In  the  structure  and  relations  of  the  auditory  organ,  and  of  the  cavum  sinus 
imparis  and  atrial  cavities,  Pangasius  closely  resembles  Macrones  neinurus  and 
other  normal  Siluridm. 
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Pangasius  djambal. 

In  all  osteological  details  (fig.  90)  this  Species  is  practically  identical  with 
P.  Buchanani,  but  in  the  structure  of  the  air-bladder  the  former  presents  one  or 
two  minor  points  of  divergence  from  the  latter. 

The  air-bladder  of  P.  djambal  (fig.  93)  consists  of  an  anterior  portion  subdivided 
in  the  usual  way  into  an  anterior  (a.c.)  and  two  lateral  (l.c.)  compartments,  and  also 
of  a posterior  csecal  appendage  (p.c.).  The  latter  is  not  tubular,  as  in  P.  buchanani, 
but  has  the  shape  of  an  elongated,  flattened,  oval  structure,  and  extends  nearly  to 
the  hinder  extremity  of  the  abdominal  cavity,  being  separated  from  the  rest  of  the 
bladder  anteriorly  by  a deep  constriction  ; from  its  posterior  end  a small  csecal 
protuberance  {p.c?)  is  given  off,  which  is  less  than  half  an  inch  in  length,  and 
gradually  tapers  to  a point  near  the  anus.  The  cavity  of  the  csecal  appendage  (p.c.) 
is  largely  filled  up  by  a network  of  fibrous  bundles,  some  of  which  are  vertically 
and  others  horizontally  arranged,  the  whole  forming  a coarse  trabecular  structure 
and  subdividing  the  cavity  into  a series  of  intercommunicating  spaces.  The  network 
seems  to  owe  its  formation  to  the  disintegration  of  a median  longitudinal  septum  and 
several  secondary  transverse  septa.  In  a somewhat  similar  fashion  the  longitudinal 
septum  {I.S.),  and  the  secondary  transverse  septa  {t.s?)  of  the  two  lateral  compart- 
ments are  broken  up  into  a series  of  not  very  regularly  arranged  vertical  columns, 
which  dorsally  and  ventrally  pay  out  into  root-like  bundles  and  extend  into  the 
adjacent  dorsal  and  ventral  walls.  As  far  as  the  tunica  externa  is  concerned  these 
septa  are  certainly  not  continuous  structures,  and  hence  the  spaces  they  enclose 
appear  to  be  in  direct  and  free  communication  with  one  another.  It  is  possible, 
however,  that  the  tunica  interna  may  preserve  the  continuity  of  the  septal  elements 
and  the  distinctness  of  the  lateral  chambers,  except  of  course  where  the  latter  are 
continuous  through  the  anterior  chamber,  but  we  are  not  absolutely  certain  on  this 
point.  Except  where  the  oval  plates  of  the  “elastic-spring”  mechanism  {t.p.'^a.)  are 
applied  to  the  lateral  regions  of  the  anterior  wall  of  the  bladder,  the  latter  organ  has 
much  thicker  walls  than  is  the  case  with  any  of  the  other  species  of  Pangasius 
that  we  examined.  Fig.  94  represents  the  tripus  of  this  specimen. 

Pangasius  macronema. 

This  species  exhibits  a general  resemblance  to  the  two  preceding  species  in  the 
structure  of  the  air-bladder  and  the  character  of  its  “elastic-spring”  apparatus. 

The  anterior  division  of  each  of  the  modified  transverse  processes  has  a slender  stalk- 
like root,  which,  after  a very  slight  ventral  curvature,  expands  into  a large  but  very 
thin  oval  plate.  Each  plate  has  its  long  axis  transversely  disposed,  and  its  posterior 
face,  which  looks  directly  backwards,  is  closely  applied  to  the  corresponding  lateral 
half  of  the  anterior  wall  of  the  air-bladder. 
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The  air-bladder  itself  has  thin  walls,  and  consists  of  an  anterior  and  somewhat 
rounded  portion,  which  includes  the  anterior  and  two  lateral  compartments,  and  in 
addition  also,  a posterior  much  flattened,  leaf-like  caecum  connected  with  the 
foregoing  by  a short  tubular  stalk.  The  cavities  of  both  the  lateral  compartments 
and  the  posterior  csecal  appendage  are  largely  occupied  by  a trabecular  network  of 
branching  columns  of  fibres,  but  the  outer  portions  of  the  former  are  comparatively 
free  from  such  bundles,  and  communicate  in  front  with  the  anterior  chamber.  As  in 
P.  djamhal  this  network  seems  to  owe  its  formation  to  the  partial  resolution  of  a 
series  of  secondary  transverse  septa  into  branching  bundles  of  fibres.  The  wall  of 
the  anterior  chamber  is  not  specially  thin  where  the  oval  plates  of  the  elastic- 
spring ” mechanism  are  applied  to  it,  and  it  may  therefore  be  inferred  that,  as  in 
Malapterurus,  according  to  Sorensen,  the  plates  result  from  the  ossification  of  the 
transverse  membrane  alone,  the  tunica  externa  having  no  share  whatever  in  their 
formation, 

Pangasius  micronema. 

In  a specimen  from  Dr.  Bleeker’s  collection  labelled  P.  micronema,  and  agreeing 
in  every  particular  with  the  description  of  this  species  in  the  British  Museum 
Catalogue  of  Fishes  (vol.  5,  p,  63),  we  noticed  one  or  two  features  in  which  it 
presented  a striking  contrast  to  all  other  species  of  the  same  genus  that  had  come 
under  our  notice. 

Each  of  the  transverse  processes  of  the  fourth  vertebra  (fig.  96)  has  a broad 
flat  root,  which  is  prolonged  distally  into  distinct  anterior  {t.p^a.)  and  posterior 
{tp.^p.)  divisions,  separated  from  each  other  by  a broad  but  comparatively  shallow 
cleft.  The  anterior  division  {t.pda.)  is  thick  and  inflexible,  tapering  somewhat 
towards  its  decurved  distal  extremity,  but  is  without  a trace  of  the  oval  plate  so 
characteristic  of  other  species  of  Pangasius ; on  the  contrary,  and  as  in  most  other 
Siluridse  not  provided  with  an  “ elastic-spring  ” mechanism,  the  distal  portion  of 
the  process  is  applied  to,  and  firmly  supports  the  outer  extremity  of  the  inferior 
limb  of  the  post-temporal  (pt.i.),  and  also  the  inner  of  the  two  processes  into  which 
the  cleft  stem  of  that  bone  {pt.s.)  divides  in  forming  the  socket  for  the  clavicle 
(c.^).  Hence,  in  this  species,  the  transverse  process  of  the  fourth  vertebra  is  not 
modified  to  form  an  “ elastic-spring  ” apparatus,  but  both  in  shape  and  in  the  support 
which  it  aflbrds  to  the  post-temporal  and  pectoral  girdle,  closely  conforms  to  its 
normal  condition  in  the  great  majority  of  the  Siluridae  ; and  in  harmony  with  this 
modification,  is  the  fact  that  the  inferior  limb  of  the  post-temporal  is  relatively 
slender,  or  at  all  events  is  nothing  like  so  massive  as  in  other  species  of 
Pangasius, 

The  air-bladder  is  broadly  ovate  in  shape  but  rendered  slightly  bilobed  in  front 
through  the  existence  of  a deep  median  notch  in  its  anterior  wall.  Relatively  to  the 
lateral  compartments  the  anterior  chamber  is  very  small,  and  there  is  no  posterior 
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cseeal  appendage.  The  walls  of  the  bladder  are  extremely  thin.  The  primary 
transverse  septum  is  so  obliquely  placed  that,  while  its  lateral  portions  are  vertical 
and  directly-continuous  with  the  ventral  wall  of  the  bladder,  the  median  part  is 
inclined  downwards  and  forwards,  and  does  not  finally  blend  with  the  ventral  wall 
until  it  almost  reaches  the  inferior  margin  of  the  anterior  wall.  Through  the 
obhquity  of  the  septum,  the  lateral  compartments  and  the  longitudinal  septum 
separating  them  are  prolonged  beneath  the  median  portion  of  the  anterior  chamber 
nearly  as  far  forwards  as  the  anterior  wall  of  the  latter.  The  structure  and  skeletal 
attachments  of  the  anterior  chamber  are  otherwise  perfectly  normal.  The  inner  half 
of  each  lateral  compartment  is  subdivided  by  numerous  secondary  transverse  septa, 
and  these,  with  the  root-like  bundles  which  they  give  oflP  dorsally  and  ventrally, 
largely  obliterate  the  cavity  of  this  part  of  the  bladder.  The  outer  portions  of  the 
compartments,  on  the  contrary,  are  comparatively  open  and  freely  communicate  in 
front  with  the  cavity  of  the  anterior  chamber. 

The  Weberian  ossicles  resemble  those  of  other  species  of  Pangasius,  except  that 
the  inner  extremity  of  the  crescentic  process  of  the  tripus  is  not  prolonged  forwards 
towards  the  radial  nodule  in  the  form  of  a pointed  projection. 

Pangasius  juaro. 

This  species  substantially  agrees  with  P.  macronema  in  almost  every  respect.  The 
flexible  root  of  each  “ elastic-spring”  apparatus  (fig.  95,  t.pM.)  is,  however,  even  more 
slender,  and  the  oval  plate  in  which  it  terminates  exceptionally  large  and  extremely 
thin.  In  our  solitary  specimen  there  was  no  posterior  csecum  in  connection  with  the 
normally  subdivided  portion  of  the  bladder,  but,  as  the  Fish  had  been  eviscerated 
before  it  came  into  our  possession,  it  is  possible  that  the  csecum  had  been  removed 
with  the  stomach  and  intestines.  From  the  appearance  of  the  posterior  extremity  of 
the  bladder  we  incline  to  the  opinion  that  a posterior  csecal  appendage  does  normally 
exist  in  this  as  in  other  species  of  Pangasius  in  which  the  “ elastic-spring”  mechanism 
is  present.  In  the  relative  proportions  of  the  anterior  and  lateral  compartments,  and 
in  the  growth  of  a trabecular  network  of  branching  bundles  of  fibres  in  the  latter, 
P.  juaro  closely  resembles  P.  macronema. 


Silondia  gangetica. 

Our  solitary  example  of  this  species  was  a very  young  specimen  about  seven  inches 
in  length,  and  was  one  of  the  Indian  Siluroids  given  to  us  by  Dr.  Day.  The  air- 
bladder  has  been  briefly  described  by  Taylor  (38)  as  being  very  small  in  proportion 
to  the  bulk  of  the  Fish.  It  is  said  to  lie  close  to  the  anterior  vertebrae,  to  be  oval  in 
shape,  and  divided  internally  into  two  cavities,  each  of  which,  in  a Fish  welgliing 
eight  pounds,  was  not  larger  than  a hazel  nut.  There  is  also  a brief  reference  to  the 
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organ  by  Day  (9)  in  the  following  terms  : — “Air-vessel  small  and  placed  transversely 
across  the  body  of  the  anterior  vertebra,  where  there  is  a groove  to  receive  its 
posterior  surface ; anteriorly,  it  has  a thick  strong  fibrous  covering.  There  is  a low 
osseous  process  from  the  vertebra  giving  it  protection  laterally.  The  air-vessel  itself 
consists  of  two  small  oval  portions,  having  a median  connecting  tube,  and  this  lateral 
part  is  surrounded  by  osseous  or  strong  fibrous  walls”  [he.  cit.,  p.  712).  As  the 
species  may  attain  a length  of  four  feet,  it  is  obvious  that  our  specimen  was  a very 
immature  one,  but  this  fact  alone  can  hardly  account  for  the  marked  discrepancy 
between  the  conflicting  statements  of  these  writers,  and  the  results  of  our  own 
dissections  as  stated  below. 

The  body  of  the  first  vertebra  is  a thin  discoidal  bone  with  but  slightly  concave 
anterior  and  posterior  surfaces,  and  quite  distinct  from  the  complex. centrum  and  basi- 
occipital.  The  complex  and  fifth  vertebrm  alone  are  rigidly  connected  together  by 
the  superficial  ossifications  and  the  partial  anchylosis  of  their  neural  arches.  The 
sixth  vertebra  is  quite  free.  The  spines  of  the  third  and  fourth  vertebrae  form  a thin 
vertical  plate  of  bone  with  thickened  and  produced  anterior  and  posterior  margins. 
The  anterior  margin  is  inclined  forwards  and  bifid ; occupying  the  cleft,  and  connect- 
ing the  spine  with  the  supraoccipital  and  exoccipital  bones  of  the  skull,  is  a consider- 
able amount  of  intercalated  cartilage.  The  posterior  margin  is  inclined  obliquely 
backwards  and  deeply  cleft  for  the  support  of  certain  of  the  anterior  interspinous 
bones  of  the  dorsal  fin. 

The  flat  roof  of  the  transverse  process  of  the  fourth  vertebra  splits  distally  into  an 
anterior  and  a posterior  division,  tlie  former  (fig.  97,  curving  downwards  and 

supporting  the  anterior  wall  of  the  bladder,  and  in  front  articulating  by  a well- 
marked  facet  with  the  post-temporal  so  as  to  complete  the  socket  for  the  clavicle. 
The  slender  transverse  processes  of  the  fifth  and  sixth  vertebrm  t.p})  are 

widely  distinct  from  the  foregoing  ; proximally,  they  are  slightly  confluent  but  their 
distal  extremities  are  quite  free.  The  sixth  vertebra  carries  the  first  pair  of  ribs  (r^)- 

The  ventro- lateral  margins  of  the  complex  and  fifth  centra  are  greatly  thickened  by 
superficial  ossified  deposit,  which  is  prolonged  ventrally  on  each  side  to  form  the  lateral 
walls  of  a median  aortic  groove.  The  dorsal  lamina  (fig.  98,  d.l.)  is  represented  by  a 
slender  spicule  of  bone,  which  on  each  side  becomes  detached  from  the  ventral  surface 
of  the  transverse  process  of  the  fourth  vertebra,  close  to  the  complex  centrum,  and, 
after  a slightly  oblique  course  forwards  and  downwards,  ventrad  to  the  posterior 
cardinal  vein  of  its  side,  terminates  in  a free  anterior  or  ventral  extremity  which 
receives  the  insertion  of  the  radial  fibres  of  the  tripus. 

The  air-bladder  (fig.  97)  has  a very  unusual  structure.  In  shape  it  is  somewhat 
reniform,  with  its  long  axis  transversely  disposed  and  its  anterior  wall  very  slightly 
concave,  while  its  posterior  contour  is  strongly  convex.*  The  lateral  portions  of  the 
anterior  wall  are  supported  by  the  deflected  anterior  divisions  (i.p.%.)  of  the  modified 
* The  dimeusions  of  the  bladder  in  our  .specimen  were,  width  10  mm.,  length  9 mm. 
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transverse  processes.  There  is  no  divergence  of  the  dorso-lateral  and  ventro-lateral 
muscles,  and  consequently  the  lateral  walls  of  the  bladder  are  widely  separated  from 
the  external  skin.  On  removing  the  ventral  wall  a thick  and  almost  circular  pillar 
of  fibres  is  seen  to  extend  vertically  between  the  dorsal  and  ventral  walls,  thereby 
reducing  tbe  actual  cavity  of  the  bladder  to  the  condition  of  a comparatively  narrow 
circular  canal  surrounding  the  central  pillar  {t.s.).  The  antero-lateral  portions  of  the 
canal  are  very  slightly  dilated,  and  into  the  dorsal  wall  of  these  regions  tbe  crescentic 
process  of  tbe  tripus  is  on  each  side  inserted  in  the  normal  fashion,  but  otherwise 
the  calibre  of  the  canal  is  fairly  uniform  throughout.  Dorsally,  the  central  pillar  is 
closely  moulded  to  the  ventral  and  lateral  surfaces  of  the  centra  of  the  complex  and 
fifth  vertebrae,  and  firmly  adherent  thereto,  while  the  lateral  portions  of  the  bladder 
are  applied  to  the  ventral  surfaces  of  the  transverse  processes  of  the  fourth  and  fifth 
vertebrae.  We  can  only  regard  the  formation  of  the  vertical  pillar  as  due  to  an 
excessive  thickening  of  the  primary  transverse  septum,  and  possibly  also  of  the 
anterior  portion  of  an  incomplete  longitudinal  septum,  with  the  necessary  result  that 
the  central  or  mesial  portions  of  the  bladder  cavities  have  to  a great  extent  become 
obliterated.  As  in  the  more  normal  types,  the  cavity  of  the  air-bladder  has  a thin  but 
continuous  lining  of  tunica  interna.  Notwithstanding  the  degenerate  condition  of 
the  bladder,  the  disposition  and  arrangement  of  the  fibres  forming  the  comparatively 
thin  antero-lateral  walls  of  the  circular  canal  and  their  convergence  in  the  dorsal 
wall  to  their  ultimate  insertion  into  the  crescentic  processes  of  the  tripodes  (fig.  98), 
are  substantially  the  same  as  in  a normal  anterior  chamber.  Radial  fibres  {r.f.)  may 
also  be  seen  passing  from  the  concavity  of  each  crescentic  process  {t.r.c.),  and,  in  the 
absence  of  a radial  nodule,  becoming  attached  to  the  free  extremity  of  the  spicular 
dorsal  lamina  {d.l.).  We  could  detect  no  trace  of  a ductus  pneumaticus. 

The  tripus  has  the  usual  three  processes,  but  the  crescentic  process  (fig.  98,  t.r.c.)  is 
very  slender  and  has  only  a slight  inward  curvature.  The  scaphium  is  quite  normal, 
having  completely  formed  spatulate,  condylar,  and  ascending  processes.  The  inter- 
calarium  is  a very  feebly  developed  nodule  in  the  interossicular  ligament.  Claustra 
are  present  with  their  dorsal  extremities  projecting  into  the  intercalated  cartilage 
between  the  spine  of  the  third  vertebra  and  the  supraoccipital  and  exoccipital. 

We  were  unable  to  make  any  satisfactory  examination  of  that  part  of  the  internal 
ear  which  is  specially  related  to  the  Weberian  mechanism,  but  the  cavum  sinus 
imparis  and  its  atrial  diverticula,  as  well  as  the  relations  of  the  latter  to  the  scaphia, 
were  perfectly  normal. 
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IV. — Morphological  Summary. 

In  summarising  the  more  noteworthy  of  the  results  of  our  investigations  into  the 
morphology  of  the  air-bladder  and  Weberian  ossicles,  and  the  correlated  modifications 
which  the  anterior  vertebrae  and  their  processes  undergo,  we  may  indicate,  in  the 
first  instance,  such  features  as  appear  to  be  common  to  nearly  all  Siluroids,  and 
secondly,  those  that  are  characteristic  of  particular  genera  or  species. 

Although  only  demonstrated  in  one  particular  instance  (the  young  of  Amiurus 
catus)  by  Ramsay  Wright,  our  researches  lead  us  to  believe  that  the  great  majority 
of  Siluroids  agree  with  Amiurus  in  having  the  centrum  of  the  second  vertebra,  and 
the  centra,  neural  arches,  and  spinous  processes  of  the  third  and  fourth  vertebrae 
indistinguishably  combined  to  form  an  apparently  single  vertebra,  for  which  we  have 
ventured  to  suggest  the  name  of  “complex  vertebra.”  The  discovery  by  Baudelot 
that  the  “ complex  vertebra  ” of  the  Cyprinidae  was  formed  by  the  fusion  of  the 
second  vertebral  centrum  with  the  third  vertebra,  was  due  to  the  distinctness  of 
these  elements  in  one  particular  species,  but  no  evidence  of  a similar  nature  is 
available  in  any  but  embryonic  Siluridae.  In  no  adult  Siluroid  is  there  the  slightest 
trace  of  intervertebral  spaces  or  sutures  between  the  three  confluent  centra;  in  fact, 
the  only  features  which  in  any  way  suggest  the  composite  nature  of  the  complex 
vertebra  in  that  family  are  the  perforation  of  its  neural  arch  by  two  pairs  of  spinal 
nerves  and  the  occasional  presence  of  two  pairs  of  nutrient  foramiua  on  the  ventral 
surface  of  its  centrum.  Nevertheless  the  constancy  of  its  characters  in  nearly  all 
Siluridse  and  the  suppression  of  all  trace  of  the  second  vertebral  centrum  as  a distinct 
element,  justifles  the  conclusion  that  the  complex  vertebra  has  the  same  value  as  in 
Amiurus.  This  fusion  of  vertebrae  in  the  formation  of  the  “complex”  is  almost 
invariably  attended  by  the  partial  anchylosis  of  the  latter  to  the  fifth  vertebra, 
partly  as  the  result  of  the  firm  sutural  union  of  their  correlated  elements  and  in 
part  due  to  the  investment  of  the  lateral  surfaces  of  their  centra  by  a continuous 
deposit  of  superficial  bone.  Moreover,  the  conjoined  vertebrae,  with  the  addition  of 
the  centrum  of  the  first,  are  so  articulated  to  the  skull  that  little,  if  any,  motion  is 
possible,  either  between  the  individual  vertebrae  or  between  the  latter  and  the  skull. 
The  centrum  of  the  first  vertebra  is  nearly  always  much  smaller  than  any  of  the 
normal  centra. 

With  the  possible  exception  of  the  claustra,  no  distinct  or  ossified  intercalary 
elements  are  ever  present. 

The  first  vertebra  very  rarely  has  transverse  processes,  and  even  when  present 
{e.g.,  some  species  of  Arius)  they  are  extremely  rudimentary.  Unless  represented  by 
the  horizontal  processes  of  the  intercalarum  in  some  Siluridae  (e.g.,  Macrones)  and  the 
tripodes,  respectively,  the  second  and  third  vertebrae  are  always  devoid  of  transverse 
processes.  The  transverse  processes  of  the  fourth  vertebra,  on  the  conti’ary,  are 
always  greatly  expanded,  not  Infrequently  divided  into  anterior  and  posterior  divisions 
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by  a cleft,  and  with  or  without  the  aid  of  those  belonging  to  the  fifth  vertebra  form 
a more  or  less  complete  investment  to  the  dorsal  and  anterior  walls  of  the  air-bladder. 
The  sixth  is,  as  a rule,  the  first  rib-bearing  vertebra ; exceptionally,  however,  the  first 
rib  may  be  borne  by  the  fifth,  or  even  the  seventh  vertebra. 

In  almost  all  cases,  except  where  they  are  modified  to  form  an  “ elastic- spring- 
apparatus,”  the  transverse  processes  of  the  fourth  vertebra,  in  addition  to  their 
characteristic  relations  to  the  air-bladder,  form  a more  or  less  rigid  support  to  the 
proximal  elements  of  the  pectoral  girdle. 

Over  a somewhat  triangular  area,  on  each  side,  between  the  exoccipital  in  front 
and  the  anterior  margin  of  the  arch  of  the  complex  vertebra  behind,  the  wall  of  the 
neural  canal  is  formed  only  by  fibrous  membrane,  in  which  the  claustrum,  and  the 
ascending  processes  of  the  scaphium  and  intercalarium  when  present,  are  imbedded. 

Of  the  four  Weberian  ossicles  the  claustrum  has  no  physiological  relations  to  the 
atrial  cavities  (atria  sinus  imparis  of  Weber),  but  merely  strengthens  the  wall  of  the 
neural  canal  behind  the  exoccipital.  Each  scaphium  has  a spatulate  process  which 
fits  into  and  completely  closes  the  corresponding  external  atrial  aperture,  and  at  the 
same  time  forms  the  outer  wall  of  the  atrial  cavity  of  its  side,  and  usually  also  a 
rounded  condylar  process  for  articulation  with  the  centrum  of  the  first  vertebra. 
The  intercalarium  is  generally  represented  by  an  elongated  or  discoidal  nodule 
imbedded  in  the  stout  ligament  (“  interossicular  ligament  ”)  connecting  the  scaphium 
with  the  tripus,  and  even  if  horizontal  and  ascending  processes  are  present,  the  ossicle 
never  articulates  in  the  adult  with  the  centrum  of  the  second  vertebra,  to  which,  as 
a modified  neural  arch,  it  belongs.  The  tripus  is  always  a tripartite  ossicle  with  its 
posterior  or  crescentic  process  imbedded  in  the  dorsal  wall  of  the  air-bladder  ; the 
anterior  process  is  directed  forwards  parallel  to  the  long  axes  of  the  complex  and 
first  centra,  and  opposite  the  external  atrial  aperture  of  its  side  is  connected  by  the 
transversely-disposed  interossicular  ligament  with  the  convex  outer  surface  of  the 
spatulate  process  of  the  scaphium.  The  articular  process  usually  articulates  with  the 
lateral  surface  of  the  third  vertebral  centrum,  to  which,  as  a modified  transverse 
process  or  rib,  the  tripus  probably  belongs;  very  rarely  {e.g.,  Aucheniptei'us)  is  the 
process  directly  continuous  with  the  neural  arch. 

The  Weberian  ossicles,  or  at  all  events  the  free  portion  of  the  tripus  and  the  inter- 
calarium, are  enclosed  within  a membranous  saccus  paravertebralis,  the  anterior  wall 
of  which  is  perforated  by  the  interossicular  ligament  as  the  latter  passes  inwards 
from  the  tripus  to  its  attachment  to  the  scaphium.  Unlike  the  Cyprinidm,  the 
complete  closure  of  the  external  atrial  aperture  by  the  spatulate  process  of  the 
scaphium  and  the  minute  size  of  the  hypoglossal  foramen  in  the  Siluridm  comj^letely 
cut  off  all  communication  between  the  cavity  of  the  saccus  and  the  cranial  cavity. 

With  the  exception,  perhaps,  of  the  Hypophthalmina  and  the  flypostomatina,  the 
relations  of  the  anterior  spinal  nerves  to  the  vertebral  elements  with  which  they  are 
associated  is  remarkably  constant. 
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The  first  spinal  or  liypoglossal  nerve  perforates  the  exocclpital.  Tlie  second  and 
third  spinal  nerves  emerge  from  the  neural  canal  between  the  claustruin  anteriorly 
and  the  arch  of  the  complex  vertebra  behind,  but  are  invariably  separated  by  the 
ascending  process  of  the  intercalarium  whenever  that  process  is  developed,  as  in 
Macroncs,  Liocassis,  and  Bagroides.  The  fourth  and  fifth  spinal  nerves  traverse  the 
neural  arch  of  the  complex  vertebra,  and  the  sixth  the  arch  of  the  fifth  vertebra. 
The  additional  spinal  nerve  described  by  Sagemehl  in  Silurus  glanis  as  emerging 
between  the  claustruin  and  the  ascending  process  of  the  scajjhium,  we  have  never  met 
with,  although  our  attention  has  been  specially  directed  to  that  point. 

The  air-bladder  varies  greatly  in  degree  of  development,  not  only  in  different 
genera,  but  in  different  species  of  the  same  genus.  Even  individual  variations  are 
not  infrequent,  but  it  never  exhibits  that  bipartite  division  into  simple  anterior  and 
posterior  sacs  which  is  so  characteristic  of  all  other  families  of  Ostariophysem.  One 
of  its  most  noteworthy  features  is  a tendency  to  lateral  development,  whereby  the 
outer  walls  of  the  anterior  portion  become  applied,  through  the  divergence  of  the 
dorso-lateral  and  ventro-lateral  muscles  of  the  body  wall,  directly  to  the  external  skin 
(“lateral  cutaneous  areas”).  The  insertion  of  the  crescentic  processes  of  the  tripodes 
is  always  into  the  dorsal  wall  of  the  anterior  chamber  of  the  air-bladder  in  the  normal 
Siluridte,  or  into  the  corresponding  walls  of  the  laterally  situated  air-sacs  in  the 
abnormal  forms,  and,  as  a ride,  takes  place  in  such  a way  that  the  fibres  forming  the 
anterior  and  lateral  walls  of  each  half  of  an  anterior  chamber,  or  of  each  air- sac,  con- 
verge as  they  pass  into  and  form  the  dorsal  wall,  and  ultimately  become  inserted  into 
the  convex  outer  margin  of  the  tripus  of  that  side.  Specialised  fibres  of  the  dorsal 
wall  (“  radial  fibres  ”)  converge  like  the  radii  of  a circle  from  the  inner  concave  margin 
of  the  crescentic  process,  and  are  inserted  either  directly  into  the  adjacent  lateral 
surface  of  the  complex  centrum  or  indirectly  through  the  intervention  of  an  osseous 
nodule  (“  radial  nodule  ”). 

In  nearly  all  Siluroids  the  lateral  growth  of  the  air-bladder,  and  the  intimate 
relation  of  its  outer  walls  to  the  lateral  cutaneous  areas,  have  led  to  the  displacement  of 
the  lateral  lobes  of  the  liver  and  their  enclosure  within  peritoneal  cul-de-sacs,  a con- 
dition which  sometimes  persists  even  in  cases  where  the  air-bladder  has  undergone 
partial  atrophy. 

In  no  Siluridoe  are  special  capillary  tufts  or  retia  mlrabilia  (the  so-called  vaso- 
ganglia),  invested  by  a special  modification  of  the  epithelium  of  the  tunica  interna, 
ever  developed  in  connection  with  the  air-bladder. 

As  a convenient  means  of  summarising  the  more  important  generic  and  specific 
variations,  the  Siluroids  may  be  somewhat  arbitrarily  divided  into  two  principal 
groups  : — (1)  the  Siluridce  normales,  and  (2)  the  Sduridiv,  abnormales.  In  the  former 
group  the  air-bladder  is  always  well  developed  and  subdivided  internally  into  three 
intercommunicating  compartments,  of  which  one  is  anterior,  and  two  posterior  and 
lateral  in  position.  The  anterior  and  dorsal  walls  of  the  anterior  chaml)ei‘  may  be 


ON  THE  ANATOMY  OF  FISHES. 


227 


more  or  less  completely  invested  by  the  modified  transverse  processes  of  the  fourth 
and  fifth  vertebroe,  but  the  latter  do  not  form  deep  concave  recesses  or  capsules  for 
the  partial  or  complete  enclosure  of  the  entire  air-bladder. 

In  the  Siluridoe  abnormales  on  the  contrary,  the  air-bladder  is  ahvays  very  small, 
or  even  diminutive,  relatively  to  the  size  of  the  Fish,  and  more  or  less  degenerate, 
sometimes  partially  solid,  but  almost  invariably  includes  two  laterally  situated  air  sacs 
with  simple  cavities,  which  together  may  be  regarded  as  equivalent  to  the  anterior 
chamber  in  a normal  Siluroid.  Lateral  compartments,  as  a rule,  are  absent  altogether, 
or,  if  present,  are  very  rudimentary.  Whatever  its  condition,  the  air-bladder  is  almost 
always  partially  or  completely  enclosed  within  transversely  disposed  bony  recesses, 
formed  either  by  the  transverse  processes  of  the  fourth  vertebra  alone,  or  in  conjunc- 
tion with  those  of  the  fifth  vertebra. 

Although  a convenient  method  of  classifying  morphological  facts,  it  is  obvious  that 
this  classification,  based  as  it  is  upon  so  variable  an  organ  as  the  air-bladder,  can  have 
no  genetic  value. 

1.  Siluridm  Normales. 

Under  this  head  may  be  included  the  genera  : Plotosus,  Copidoglaiiis,  Cnidoglanis, 
Siliirus,  Wcdlago,  Cryptoptcrus  (certain  species),  CallicJirous,  Schilbe,  Eutropius, 
Pangasius,  Bagrus,  Macrones,  Pseudohagi'us,  Liocassis,  Bagroides,  Pita,  Amiiirus, 
Platystoma,  Piramutana,  Pimelodus  (certain  species),  Auchenoglanis,  Arius,  Ilemi- 
jnmelodus,  Ketengus,  AEiurichthys,  Osteogeniosus,  Batrachocephalus,  Auchenipterus, 
Malapterurus,  Oxyd.oras,  Lais,  and  Aspredo. 

In  the  Silurolds  included  in  this  grouj)  the  number  of  rigidly  interconnected 
vertebi’se  varies.  The-first,  the  complex,  and  the  fifth  vertebrae  are  invariably  so  con- 
nected together  that  no  motion  is  possible  between  them  ; and  occasionally  the  sixth, 
the  seventh,  and  even  the  eighth,  may  be  included  in  the  series.  The  firmness  of 
their  union  naturally  varies  with  the  age  of  the  specimen,  being  greater  in  mature  or 
old  specimens  than  in  young  ones,  but  prolonged  maceration  generally  has  the  effect 
of  rendering  all  but  the  complex  and  fifth  vertebra3  more  or  less  easily  separable. 
The  rigid  connection  of  these  vertebrae  is  effected  by  various  means,  of  which  the 
investment  of  the  lateral  surfaces  of  their  centra  by  a continuous  deposit  of  super- 
ficial bone,  and  the  firm  sutural  union,  or  even  partial  anchylosis,  of  their  neural  arches 
and  spines,  are  the  most  noteworthy.  The  rigidity  of  the  complex  and  fifth  vertebra.*, 
with  the  occasional  addition  of  the  sixth,  may  be  further  increased  by  the  sutura* 
union  or  partial  anchylosis  of  their  respective  transverse  processes.  The  anterior 
vertebrae  are  also  firmly  connected  to  the  skull,  generally  by  the  articulation  of  the 
arch  and  spine  of  the  third  vertebra  with  the  exocci[)ltals  and  supraoccipital,  the 
transverse  processes  of  the  fourth  vertebra  with  the  post-temporals,  and  the  spinous 
processes  of  the  third  and  fourth  vertebrio  with  the  supraoccipital  s])ine ; less 
frequently  by  the  formation  of  interlocking  accessary  articular  processes  on  the 
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contiguous  ventral  margins  of  the  basioccipital  and  the  centra  of  the  first  and  complex 
vertehrse.  In  some  Siluroids  the  same  result  is  secured  bj  the  downward  growth  and 
coalescence  of  the  accessory  processes,  to  form  a stout  subvertebral  process.  In  other 
Siluroids  the  connection  of  the  skull  with  the  anterior  vertebrae  may  be  rendered  still 
more  intimate  by  the  articulation  of  the  spine  of  the  supraoccipital  with  the  expanded 
dermal  plates  of  the  first  and  second  interspinous  bones  {e.g.,  Auchenipterus,  Oxydoras, 
&c.),  or  even  by  the  extension  of  bony  lamime  between  the  supraoccipital  and  the 
dorsal  surfaces  of  the  transverse  processes  of  the  fourth  vertebra  {e.g.,  Arius,  Ba- 
trachocephcdus,  Osteogeniosus,  and  Ketengus). 

The  centrum  of  the  first  vertebra  varies  greatly  in  size,  but  is  always  smaller  than 
any  of  the  other  anterior  vertebral  centra.  Two  pit-like  sockets  are  always  found  on 
its  dorsal  surface  for  the  reception  of  the  condylar  processes  of  the  scaphia.  The 
complex  and  fifth  centra  are  the  largest,  or  at  all  events  the  longest,  of  the  anterior 
centra,  and,  as  a rule,  their  anterior  and  posterior  concavities  are  unsymmetrically 
developed.  In  nearly  all  cases  these  centra  are  not  only  elongated,  but  laterally 
compressed,  so  as  to  form  a prominent  subvertebral  keel,  which  gives  rise  to  a deep 
groove  along  the  medio-dorsal  line  of  the  anterior  chamber  of  the  air-bladder,  and,  at 
the  same  time,  internally,  to  a well  marked  longitudinal  ridge  partially  subdividing 
the  cavity  of  tlie  chamber  into  two  laterally  bulging  halves.  As  a rule  the  centrum 
of  the  complex  vertebra  is  much  longer  than  the  centrum  of  the  fifth  vertebra,  although, 
exceptionally,  it  may  be  shorter  than  the  latter  {e.g.,  Platystoma).  Its  concavities 
may  be  subequal  {Arius),  but  more  frequently  the  posterior  is  much  the  deeper  of 
the  twm,  and  may  even  be  almost  tubular.  One  {Macrones)  or  two  {Synodontis)  pairs 
of  nutrient  foramina  are  present  on  its  ventral  surface,  and  apparently  belong  to  the 
third  and  fourth  vertebrae.  A pair  of  accessory  articular  processes  may  be  developed 
on  the  anterior  margin  of  the  ventral  surface  of  the  complex  centrum,  and  may 
interlock  with  similar  paired  processes  developed  from  the  adjacent  margins  of  the 
basioccipital  and  the  centrum  of  the  first  vertebra  {e.g.,  Macrones).  Tiie  centrum  of 
the  fifth  vertebra  is  generally  shorter  than  the  complex  centrum,  hut  in  one  or  two 
instances  {e.g.,  Platystoma)  it  may  equal  or  exceed  the  latter  in  length.  Its  two 
concavities  are  rarely  subequal ; more  frequently  the  anterior  is  much  the  deeper, 
and  sometimes  may  be  even  tubular  {e.g.,  Aspredo,  Platystoma).  The  sixth  vertebral 
centrum  is  also  nearly  always  larger  than  any  that  succeed  it,  although  smaller  than 
eitlier  the  complex  or  fifth  centrum.  Its  concavities  are  equal  or  subequal,  but 
occasionally,  as  in  the  fifth,  the  anterior  may  be  much  deeper  than  the  posterior. 

The  neural  arch  of  the  complex  vertebra  is  always  represented  by  two  lateral  and 
continuous  plates  of  bone,  confluent  above  with  the  spines  of  the  third  and  fourth 
vertebrae  and  below  with  the  centrum.  The  lateral  vacuities,  which  in  some  Siluridoe 
{e.g.,  Platystoma  and  Auchenoglanis)  partially  interrupt  the  continuity  of  the  arch, 
may  possibly  indicate  a separation  between  the  otherwise  confluent  arches  of  the 
third  and  fourth  vertebras.  As  a rule,  the  arch  is  partially  or  completely  anchylosed 
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to  that  of  the  fifth  vertebra,  which  in  turn  may  be  similarly  connected  with  the  arch 
of  the  sixth  vertebra,  or  the  rigid  union  of  the  different  neural  arches  may  be  effected 
by  a firm  sutural  union  only.  Even  when  not  actually  anchylosed  it  is  rare  for  the 
arches  of  the  fifth,  sixth,  or  seventh  vertebrae  to  be  movably  articulated  by  means  of 
pre-  or  post-zygapophyses  as  is  the  case  with  the  normal  free  vertebrre  that  follow. 

The  spinous  processes  of  the  third  and  fourth  vertebrae  are  either  confluent  to  form 
a thin  vertical  lamina  of  bone  [Macrones),  or  fused  only  at  their  roots,  their  distal 
extremities  being  free  and  divergent  {Arius).  The  spine  of  the  third  vertebra  is 
almost  always  grooved  anteriorly  and  inclined  forwards  over  the  body  of  the  first 
vertebra  to  an  articulation  with  the  exoccipitals  and  supraoccipital ; in  the  groove  a 
modicum  of  intercalated  cartilage  is  very  generally  present,  more  especially  in  young 
or  immature  specimens.  The  spine  of  the  fourth  vertebra  is  usually  directed  back- 
wards and,  like  the  succeeding  spines,  is  generally  cleft  for  the  support  of  certain  of 
the  interspinous  bones  of  the  dorsal  fin,  but  in  the  absence  of  the  latter  may,  like  its 
fellows,  be  simple  and  undivided  {e.g.,  Malapteruriis).  The  spines  which  immediately 
succeed  the  foregoing  may  be  rudimentary  or  obsolete  [Arius),  or  well-developed  and 
bifid ; not  infrequently  they  are  either  partially  anchylosed  or  firmly  articulated 
to  one  another  and  to  their  predecessors. 

The  transverse  processes  of  the  fourth  vertebra,  very  frequently  those  of  the  fifth, 
and  more  rarely  those  belonging  to  the  sixth  vertebra  [Flatystoma),  are  more  or  less 
expanded  and  by  their  partial  anchylosis  or  sutural  union  form  on  each  side  of  the 
vertebral  column  a broad  wing-like  plate  of  bone,  the  anterior  margin  of  which  is 
strongly  decurved,  for  the  investment  of  the  anterior  and  dorsal  walls  of  the  anterior 
chamber  of  the  air-bladder.  The  transverse  process  of  the  fourth  vertebra  has  a 
broad  flat  root,  and  for  the  rest  of  its  extent  may  be  simple,  or,  as  is  more  usually 
the  case,  cleft  more  or  less  deeply  into  distinct  anterior  and  posterior  divisions,  of 
which  the  former  is  always  strongly  decurved  towards  its  distal  extremity  and  closely 
applied,  even  if  not  attached,  to  the  lateral  portion  of  the  anterior  wall  of  the  air- 
bladder.  The  anterior  division  is  usually  applied  distally  to  the  inferior  limb  and 
stem  of  the  post-temporal,  and  firmly  united  thereto  by  a ligament  in  such  a way  as 
to  afford  a rigid  support  to  the  proximal  portion  of  the  pectoral  girdle.  The  entire 
transverse  process  invariably  has  its  origin,  not  from  the  centrum,  but  from  the  whole 
length  of  the  continuous  neural  arch  of  the  complex  vertebra.  In  certain  Siluroids 
this  process  becomes  modified  to  form  the  singular  “ elastic-spring  ” apparatus  first 
described  by  Johannes  Muller.  In  some  of  these  forms  [Malagterurus,  Symdontis, 
Pangasius)  each  anterior  division  is  almost  completely  separated  from  the  posterior 
division,  with  an  oblique  origin  from  the  arch  of  the  comj)lex  vertebra,  and  becoming 
flexible  and  liighly  elastic,  expands  distally  into  an  ovoid  plate  which  is  closely 
applied  to  the  corresponding  lateral  portion  of  the  anterior  wall  of  the  air-bladder. 
In  others  (e.y.,  Oxydoras  and  Auclienipteriis)  tlie  anterior  division  undergoes  a similar 
modification,  but  tlie  posterior  division  has  become  completely  suppressed-  In  all  such 
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cases  the  modified  transverse  processes  are  provided  with  powerful  protractor  muscles, 
in  the  form  of  specialized  portions  of  the  dorso-lateral  musculature,  which  have  their 
origin  on  the  posterior  face  of  tlie  skull  and  their  insertion  into  the  anterior  surfaces 
of  the  terminal  oval  plates.  The  transverse  processes  of  the  fifth  vertebra  are,  as  a 
rule,  but  moderately  expanded,  although  in  one  case  {e.g.,  Platystoma)  they  may  be 
as  greatly  expanded  as  the  preceding  processes  with  which,  in  this  genus,  they  are  in 
sutural  union  anteriorly.  They  are  often  confluent  at  their  roots  with  tlie  transverse 
processes  of  the  fourth  vertebra,  but  their  distal  extremities  are  always  free.  Rarely 
are  they  rudimentary  {Anchenipterus)  or  absent  [Oxydoixis).  Like  their  predecessors 
they  have  their  origin  from  the  neural  arch  instead  of  from  the  centrum,  but  always 
at  a slightly  lower  level  than  the  former.  The  transverse  processes  of  the  sixth 
vertebra  vary  greatly  in  size  and  in  degree  of  expansion.  They  may  be  greatly 
expanded  and  suturally  united  to  those  of  the  fifth  vertebra  (Flatystoma),  or,  while  of 
slightly  greater  length,  may  not  be  more  expanded  than  the  normal  processes  wlficli 
follow  them.  Their  origin  is  always  from  the  centrum  of  their  vertebra.  Usually 
they  carry  the  first  pair  of  ribs,  but  in  at  least  two  geiiera  [Calhchroiis  and  Crypto- 
pterus)  the  latter  are  supported  by  the  transverse  processes  of  tire  fifth  vertebra. 

A continuous  deposit  of  superficial  bone  invests  the  lateral  surfaces  of  more  or 
fewer  of  the  anterior  vertebral  centra.  It  varies  greatly  in  thickness  as  well  as  in 
extent  in  different  Siluroids,  and  sometimes  forms  no  inconsiderable  portion  of  the 
otherwise  somewhat  attenuated  anterior  centra.  The  centra  of  the  complex  and  fifth 
vertebra  are  invariably  so  invested  ; less  frequently  the  deposit  may  extend  on  to  the 
lateral  surfaces,  or  at  all  events  along  the  ventro -lateral  margins  of  the  sixth  and  seventh, 
or  even  the  eighth  vertebrie.  The  ossifications  are  always  strongly  developed  along 
the  ventro-lateral  edges  of  the  centra  they  invest  in  the  form  of  parallel  ridges,  which 
enclose  between  them  a deep  median  groove  for  the  dorsal  aorta  {e.g.,  Macrones).  By 
the  ventral  union  of  these  ridges  the  groove  may  become  converted  into  a com- 
plete canal  {Arius,  Auchenipterus,  Platystoma,  Ac.).  Exceptionally,  the  dorsal  aorta 
appears  to  burrow  its  way  through  a canal  in  the  centra  of  the  complex,  the  fifth, 
and  the  sixth  vertebrse  {Platystoma),  a fact  which  in  this  case  is  apparently  due  to 
the  unusual  thickness  of  the  investing  superficial  ossifications.  The  ossifications  may 
also  extend  laterally  on  to  the  ventral  surfaces  of  more  or  fewer  of  the  anterior 
transverse  processes,  forming  a floor  for  the  cardinal  grooves,  and  thereby  converting 
the  latter  into  complete  canals  {e.g.,  Arius,  BatrachocepAialus,  O.steogeniosus,  Ac.). 
They  usually  obscure  the  intervertebral  sutures  between  the  different  vertebral 
centra,  but  sometimes  {e.g.,  Platystoma)  the  sutures  are  obvious  externally  on  the 
surface  of  the  investing  ossifications  in  the  form  of  wavy  interdigitatlng  lines. 

Special  developments  of  the  system  of  superficial  ossifications  also  take  place  in 
relation  with  the  skeletal  attachments  of  the  air-bladder  in  the  region  of  the  complex 
veitebra.  The  anterior  margins  of  the  ossifications  Investing  the  sides  of  the  complex 
centrum  are  thickened  near  tlie  anterior  extremity  of  the  latter  in  the  form  of  two 
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more  or  less  well-marked  oblique  lateral  ridges,  which  coincide  witli  the  mesial  attach- 
ment of  the  do7’sal  edge  of  the  transverse  membrane,  and  not  infrequently,  also,  with 
the  corresponding  attachment  of  the  anterior  pillars  of  the  air-bladder.  An  osseous 
nodule  (radial  nodule)  is  invariably  attached  to  the  dorsal  and  hinder  extremity  of 
each  lateral  ridge,  sometimes  by  anchylosis,  especially  in  old  specimens,  but  more 
frequently  by  a firm  fibrous  union.  These  nodules  coincide  with  the  fixed  attachment 
of  the  radial  fibres  of  the  tripodes.  A slender  lamina  or  spicule  of  bone  is  prolonged 
from  the  dorsal  extremity  of  each  lateral  ridge,  from  which,  however,  it  is  often 
distinct,  and  passing  obliquely  backwards  and  outwards  ventrad  to  the  cardinal 
groove,  extends  for  a varying  distance  on  to  the  ventral  surface  of  the  transverse 
process  of  the  fourth  vertebra,  and  finally  blends  therewith.  Tliis  lamina  (dorsal 
lamina)  corresponds  with  the  dorsal  attachment  of  the  transverse  membrane,  and 
posteriorly  often  receives  the  insertion  of  a sheet  of  fibres  derived  from  the  lateral 
portions  of  the  primary  transverse  septum  of  the  air-bladder. 

The  lateral  surfaces  of  the  complex  and  fifth  centra  are  almost  always  traversed 
by  deep  grooves  which  are  situated  between  the  dorsal  margins  of  the  superficial 
ossifications  and  the  roots  of  the  modified  transverse  processes.  As  a rule  each 
groove  is  completely  encircled  by  bone  only  in  the  region  of  the  dorsal  lamina,  but  in 
those  cases  {e.g.,  Arius,  Osteogeniosus)  where  the  superficial  ossifications  extend  from 
the  sides  of  the  complex  and  fifth  centra  on  to  the  ventral  surfaces  of  the  transverse 
processes  of  the  fourth  vertebra,  the  groove  becomes  a complete  canal  for  its  whole 
length.  The  grooves  transmit  tlie  posterior  cardinal  veins,  and  very  generally  also 
the  attenuated  anterior  portions  of  the  mesonephros  as  they  pass  forwards  to  join  the 
so-called  “ head  kidney  ” anteriorly.  In  correspondence  with  the  unsymmetrical 
development  of  these  veins,  the  right  cardinal  groove  or  canal  is  always  much  larger 
than  the  left. 

Stout  subvertebral  processes  are  frequently  developed  in  relation  with  the  anterior 
end  of  the  complex  centrum.  In  some  forms  [Arius  and  its  allies)  the  process  is  a 
strong  conical  structure  apparently  formed  by  the  downward  growth  and  coalescence 
of  processes  derived  from  the  ventral  surfaces  of  the  basioccipital  and  the  first  and 
complex  vertebrae,  but  thickened  posteriorly  by  the  superficial  ossifications  of  the 
complex  centrum.  In  others  {e.g.,  Plotosus)  paired  processes,  formed  apparently  Ijy 
an  extension  of  bony  deposit  from  the  superficial  ossifications  of  the  complex  centrum 
into  the  mesial  portion  of  the  transverse  membrane,  may  together  form  a transversely- 
disposed,  fan-shaped  subvertebral  process.  In  Plotosus  the  latter  only  are  present, 
but  in  Auchenoglanis  an  additional  pair  of  similar  but  smaller  processes  are  developed 
from  the  ventral  surface  of  the  body  of  the  first  vertebra,  and  serve  to  buttress 
anteriorly  the  former  pair.  All  such  subvertebral  processes,  while  partially  owing 
their  formation  to  an  exaggerated  development  of  the  accessory  articular  processes 
which  are  normally  present  in  some  Siluroids  {c.g.,  Macrones),  are,  nevertheless, 
greatly  thickened  and  enlarged  by  their  association  with  the  contiguous  superficial 
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ossifications.  In  all  forms  in  which  these  processes  are  present  they  form  a rigid 
support  to  the  mesial  portion  of  the  anterior  wall  of  the  air  bladder,  and  are  usually 
cleft  (Anchenoglanis)  or  perforated  at  the  base  [Arius)  for  the  transmission  of  the 
dorsal  aorta. 

In  the  pectoral  girdle  the  post-temporal  bone  always  has  a transversely  or 
obliquely  disposed  inferior  limb  for  articulation  at  its  inner  extremity  with  the  lateral 
surface  of  the  basioccipital,  in  addition  to  an  ascending  process  for  articulation  with 
the  pterotic  and  epiotic  bones,  and  a descending  process  or  stem  for  articulation  with 
the  clavicle.  The  socket  for  the  clavicle  is  usually  formed  by  a deep  cleft  in  the 
stem,  which  is  often  more  or  less  completely  closed  by  the  opposition  of  the  trans- 
verse process  of  the  fourth  vertebra.  Where  the  transverse  pi'ocess  of  the  fourth 
vertebra  fails  to  articulate  with  and  support  the  post-temporal,  as  is  the  case  in 
all  Siluroids  possessing  an  “ elastic-spring”  apparatus,  the  inferior  limb  of  the  latter 
is  exceptionally  massive,  with  an  extensive  articulation,  or  even  partial  anchylosis, 
with  the  basioccipital,  or,  in  addition,  with  the  exoccipital  also.  In  other  genera 
{Macrones,  Bagriis,  dec.)  the  inferior  limb,  in  conjunction  with  the  body  of  the  same 
bone,  may  form  a bony  expansion  or  post-temporal  plate,  which,  with  the  produced 
crescentic  distal  extremity  of  the  anterior  division  of  the  transverse  process  of  the 
fourth  vertebra,  forms  a slightly  concave  bony  structure  for  the  support  of  the  lateral 
portion  of  the  anterior  wall  of  the  bladder.  From  being  but  faintly  concave  on  its 
posterior  face,  the  post-temporal  plate  and  the  adjacent  portion  of  the  inferior  limb 
may  become  deeply  excavated  to  form  a goblet-shaped  cavity,  into  which  a thin- 
walled  cmcal  diverticulum  of  the  air-bladder  extends  [Macrones  aor.). 

Where  post-temporal  plates  are  formed  the  sockets  for  the  clavicles  are  in  the  form 
of  tubular  canals  traversing  the  substance  of  the  plates. 

Apart  from  those  which  are  cliaracteristic  of  all  Siluroids,  no  important  modifi- 
cations of  the  hinder  part  of  the  skull  are  observable  in  the  normal  members  of 
the  group,  either  as  regards  the  more  general  features  of  structure,  or  the  more 
special  points  involved  in  the  mode  of  formation  and  relations  of  the  “ cavum  sinus 
imparis,”  or  of  its  bilobed  backward  prolongation,  the  “ atria  sinus  imparis.”  The 
uniformity  in  the  latter  respect  is  so  marked,  that  a description  of  those  structures 
as  they  occur  in  any  one  normal  Siluroid  {c.g.,  Macrones)  will  practically  apply 
to  all  the  others. 

Of  the  minor  variations  we  may  remark  the  occasional  translucency  of  certain  of 
the  periotic  bones,  such  as  the  prootic  and  epiotic  bones,  and  the  opisthotic  plates  of 
the  exo  ccipitals ; the  strengthening  of  the  posterior  wall  of  the  atrial  cavities  by  a 
column-like  process  of  bone  derived  from  the  dorsal  margin  of  tlie  posterior  face  of 
the  basioccipital,  or  by  a slight  downward  growth  of  the  posterior  margin  of  the  roof 
of  the  cavum  sinus  imparis,  and  the  withdrawal  of  the  external  atrial  apertures 
altogether  within  the  neural  canal  {e.g.,  Aspredo). 

As  regards  the  internal  ear,  the  condition  of  many  of  our  specimens  was  such 
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that  our  observations  were  necessarily  somewhat  incomplete.  The  condition  of  the 
membranous  labyrinth,  and  its  relations  to  the  cavum  sinus  imparis  and  to  the  atrial 
cavities,  were  investigated  in  a large  number  of  Siluridee  normales,  but  with  the 
purely  negative  result  that  we  could  detect  no  variations  of  any  importance  from  the 
arrangement  of  these  structures,  already  described  for  Amiurus  catus  by  Eamsay 
Weight,  and  for  Silurus  glanis  by  Webee,  and  in  Macrones  by  ourselves.  In 
all  cases  we  found  a transversely  disposed  ductus  endolymphaticus  connecting  the 
two  sacculi,  and,  attached  to  the  ductus,  a median  pear-shaped  sinus  endolym- 
phaticus projecting  backwards  into,  and  almost  completelj  filling,  the  “ cavum  sinus 
imparis.” 

With  the  exception  of  the  intercalarium,  the  Weberian  ossicles  exhibit  but  little 
variety  in  shape,  or  in  their  relations  to  one  another,  or  to  the  atrial  cavities  and  air- 
bladder.  The  variations  in  the  condition  of  the  tripus  relate  principally  to  the  degree 
and  shape  of  the  curvature  of  its  posterior  or  crescentic  process.  In  some  genera 
[Aucheni'ptci'us,  Oxydoras)  the  “ crescentic  process  ” is  almost  straight ; in  others 
almost  hook-shaped  (Plotosus) ; and  between  these  extremes  the  process  may  exhibit 
almost  every  degree  of  curvature.  A ventral  ridge  on  the  root  of  the  crescentic 
process,  to  receive  the  insertion  of  a slip  of  fibres  from  the  adjacent  anterior  wall  of 
the  bladder,  is  very  generally  present,  and  varies  in  size  according  to  the  thickness  of 
the  walls  of  the  bladder.  In  some  Siluroids  [Macrones,  Liocassis)  the  outer  convex 
margin  of  the  process  may  be  increased  for  the  purpose  of  fibrous  attachment,  and 
possibly  for  leverage,  by  the  addition  of  an  outwardly  "directed  heel-like  process, 
which  occasionally  may  be  of  considerable  length  [e.g.,  Bagroides).  The  articular 
process  of  the  tripus  is  usually  distinct  from  the  complex  centrum,  with  which,  how- 
ever, it  articulates  at  the  bottom  of  a deep  pit-like  depression.  It  is  very  rare,  as  in 
the  two  genera  Oxydoras  and  Auchenipterus,  for  the  process  to  be  flexible  and  elastic, 
and  directly  continuous  by  an  oblique  origin  with  the  anterior  part  of  the  neural  arch 
of  the  complex  vertebra,  like  the  adjacent  and  similarly  elastic  root  of  the  “ elastic- 
spring” apparatus.  The  proportional  lengths  of  the  anterior  and  crescentic  processes 
vary  somewhat  in  different  forms  ; generally,  the  two  processes  are  of  approximately 
equal  length,  but  when  otherwise  it  is  the  anterior  which  is  the  longer. 

The  intercalarium  varies  greatly  in  development.  Usually  a small  osseous  nodule 
imbedded  in  the  interossicular  ligament,  the  intercalarium  may,  in  addition,  be  pro- 
longed therefrom  as  a horizontal  spicule  which  terminates  in  the  fibrous  wall  of  the 
neural  canal,  between  the  arch  of  the  complex  vertebra  and  the  ascending  process  ot 
the  scaphium,  near  the  dorso-lateral  margin  of  the  anterior  portion  of  the  complex 
centrum,  with  which,  however,  it  is  in  no  way  directly  attached  [Cryptopterus, 
Ccdlichrous).  In  a few  genera  [Macrones,  Liocassis,  Pseudohagrus,  &c.)  the  hori- 
zontal process  is  prolonged  upwards  into  a vertically  disposed  or  ascending  process, 
which  also  lies  in  the  fibrous  wall  of  the  neural  canal,  behind  and  parallel  to  the 
ascending  process  of  the  scaphium.  In  all  cases  where  an  ascending  ])rocess  is 
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present,  it  lies  between  the  paired  foramina  for  the  exit  of  the  dorsal  and  ventral  roots 
of  the  second  and  third  spinal  nerves. 

The  only  variations  noticed  in  the  condition  of  the  scaphinm  relate  to  the  occasional 
absence  of  an  ascending  process  ; a globose  condylar  process  is  always  present. 

Claiistra  are  invariably  present,  but  vary  greatly  in  size,  from  the  usual  condition 
of  extremely  slender  spicules  to  somewhat  triangular  plates  [Pangasius  B^ichanani). 

The  air-bladder  has  the  same  fundamental  structure  in  all  the  S.  normales.  In  all 
cases  the  organ  is  more  or  less  cordate  in  shape,  and  is  subdivided  internally  by  a 
T-sliaped  arrangement  of  a primary  transverse  septum  and  a longitudinal  septum  into 
three  intercommunicating  compartments,  of  which  one  is  anterior  and  transversely 
disposed,  occupying  the  anterior  third  of  the  bladder,  and  two  posterior  and  lateral 
longitudinally  arranged  chambers,  constituting  the  posterior  two-thirds  of  the 
bladder.  The  dorsal  wall  of  the  anterior  chamber  is  closely  moulded  to  the  ventral 
and  lateral  surfaces  of  the  complex  and  fifth  vertebral  centra,  including  the  sub- 
vertebral  keel  which  these  centra  form,  and  also  to  the  ventral  surfaces  of  the 
modified  transverse  processes  of  the  fourth  and  fifth  vertebrm.  The  lateral  portions 
of  the  anterior  Weall  of  the  chamber  are  also  partially  buttressed  by  the  decurved 
anterior  margins  of  the  transverse  processes  of  the  fourth  vertebra,  with  or  without 
the  aid  of  the  expanded  inferior  processes  of  the  post-temporals  (post-temporal 
plates),  while  the  median  portion  of  the  wall  is  not  infrequently  supported  by  a sub- 
vertebral  process  {e.g.,  Anns).  The  lateral  compartments,  on  the  other  hand,  are 
neither  invested  by  bone,  nor  are  they  in  any  way  directly  attached  to  the  skeleton, 
but  lie  free  in  the  abdominal  cavity.  Except  in  relation  to  the  size  of  the  Fish,  the 
variations  in  the  capacity  of  the  anterior  chamber  as  compared  with  those  of  the 
lateral  compartments  are  l)ut  slight,  and,  as  a rule,  any  increase  or  diminution  in  the 
relative  size  of  the  bladder  is  mainly  due  to  variations  in  the  size  of  the  lateral 
chambers.  With  the  exception  of  two  genera  {Rita  and  Aspredo)  included  in  this 
group,  the  capacity  of  the  anterior  chamber  is  always  much  smaller  than  the  combined 
capacities  of  the  two  lateral  cliambei’S,  and,  in  one  of  the  two  exceptions  referred  to 
•{Rita),  the  partial  sup})ression  of  the  lateral  compartments  is  compensated  by  the 
development  of  two  large  lateral  cmca  from  the  anterior  chamber.  In  the  two  genera 
last  mentioned  the  lateral  chambers  are  very  small  in  one  {Rita),  and  almost  non- 
existent in  the  other  {Aspredo),  but  in  both  cases  a primary  transverse  septum  is 
])resent,  and  retains  its  normal  attachments  to  the  skeleton.  Apart  from  its  longitudinal 
constriction  into  two  laterally  bulging  halves— a separation  which  in  some  cases  {e.g.. 
Arias,  Callichrous,  &c.)  may  be  emphasised  by  the  formation  of  one  or  two  longi- 
tudinally arranged  and  inwardly  projecting  ridge-like  aggregations  of  fibres  from  the 
median  line  of  the  posterior,  ventral,  and  anterior  walls — the  cavity  of  the  anterior 
chamber  has  smooth  walls,  and  is  not  subdivided  by  the  growth  of  internal  septa. 

The  lateral  compartments  may  also  have  undivided  cavities  {e.g.,  Auehenoglanis, 
Callichrous,  and  Silurus),  but  not  infrequently  they  are  rendered  more  inexpansible. 
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and  possibly  at  the  same  time  less  compressible,  by  the  formation  of  a variable 
number  of  secondaiy  transverse  septa  {e.g.,  Macrones),  which  incompletely  subdivide 
each  chamber  into  a series  of  transversely  arranged,  intercommunicating  spaces.  The 
support  which  these  septa  afford  to  the  walls  of  the  lateral  chamber  is,  in  some  cases, 
strengthened  by  root-like  bundles  of  fibres  which  grow  out  from  the  dorsal  and 
ventral  margins  of  the  septa,  and  extend  into  the  corresponding  walls  of  these 
chambers.  Occasionally  the  excessive  development  of  these  septa,  and  their  union 
by  root-like  bundles  of  fibres  which  pass  between  their  opposed  surfaces,  may  lead  to 
the  formation  of  a thick  trabecular  network  of  fibrous  columns  or  bands,  and  to  the 
partial  obliteration  of  the  cavities  of  the  two  chambers  {Pangasius). 

The  width  of  the  primary  transverse  septum,  formmg  the  posterior  wall  of  the 
anterior  chamher,  varies  greatly  in  different  Siluroids.  In  some  {e.g.,  Auchenoglanis) 
the  septum  is  co-extensive  with  the  width  of  the  air-bladder,  although  contracted 
dorsally  to  admit  of  the  lateral  chambers  communicating  with  the  anterior  chamber ; 
in  others  {e.g.,  Callichrous,  Cryptopterus)  the  septum  is  reduced  to  the  condition  of  a 
narrow,  but  stout,  column-like  aggregation  of  fibres. 

In  many  members  of  this  group  the  primary  transverse  septum,  and  more  particu- 
larly its  median  portion,  is  more  or  less  oblique,  and  in  some  extremely  so.  This 
obliquity  of  the  septum  has  the  effect  of  causing  the  lateral  chambers  and  the  longi- 
tudinal septum  to  extend  forwards  to  a varying  extent,  ventrad  to  the  inclined 
septum,  and  consequently  to  overlap  the  anterior  chamber  along  the  greater  part  of 
its  ventral  surface. 

Caecal  appendages  to  the  anterior  and  lateral  compartments  are  not  uncommon. 
The  anterior  chamber  may  have  small  anterior  cmca  {Maa'ones  aor),  or  much  smaller 
antero-lateral  caeca  {Osteogeniosus).  In  the  former  case  the  caeca  bulge  forwards  into 
goblet-shaped  cavities  excavated  In  the  substance  of  the  inferior  processes  of  the  post- 
temporal bones.  Lateral  caeca  are  sometimes  present,  and  may  either  take  the  Ibrm 
of  large  funnel-shaped  structures,  which  extend  the  whole  length  of  the  abdominal 
cavity  and  are  entirely  free  from  internal  subdivisions  {Rita),  or  may  occur  as  small 
forwardly  directed  outgrowths,  subdivdded  internally  by  a network  of  fibrous  bundles, 
and  communicating  with  the  anterior  chamber  by  a number  of  slit-like  orifices  in  its 
lateral  walls  {Platy stoma).  The  lateral  compartments  are  frequently  either  con- 
stricted or  prolonged  into  a posterior  cmcal  appendage.  I'liis  may  be  a longer  or 
shorter  tubular,  or  a slightly  oval  structure,  and  confined  to  the  abdominal  cavity 
{Pangasius  Buclianani,  Bagroides  melanopterus),  or  a long  tapering  tubular  struc- 
ture, which,  after  traversing  the  abdomen,  extends  for  some  distance  along  the  right 
side  of  the  tail  between  the  haemal  arches  and  the  lateral  musculature  {e.g.,  Crypto- 
pterus micronema  and  C.  micropogon).  In  some  cases  the  posterior  cmcum  is  very 
large,  and  in  shape  an  elongated  oval  body  {Pangasius  djambol,  Malapteruims 
electricus),  or  it  may  be  flattened  and  leaf-like  {Pangasius  rnacronema).  In  one 
instance  {Oxydoras)  it  is  very  rudimentary.  The  existence  of  a pair  of  rudimentary 
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posterior  ca3ca  is  very  rare  {A^ichenipterus  ohscurus).  Very  generally  the  longi- 
tudinal septum  extends  backwards  into  the  posterior  caecum,  and  subdivides  its 
cavity  into  two  distinct  lateral  canals  or  chambers,  which  communicate  anteriorly 
with  the  proper  lateral  compartments  of  the  bladder.  Not  infrequently  the  single  or 
double  cavity  of  the  caecum  is  partially  subdivided  internally  by  a series  of  circularly 
disposed,  inwardly  projecting  ridges  {e.c/.,  Malapferurus).  In  some  Siluroids  [Pan- 
gasivs),  w'here  the  lateral  chambers  are  largely  occupied  by  a trabecular  network  of 
fibrous  bundles,  the  cavity  of  the  postei'ior  caecum  is  largely  obliterated  by  the 
formation  of  a similar  growth.  It  may  be  remarked  that  caecal  appendages  are  very 
characteristic  of  those  Siluroids  in  which  an  “ elastic-spring  ” apparatus  is  present. 
They  may  be  very  rudimentary  {e.g.,  Auchenipterus  ohscurus  and  Oxydoras),  but  it 
rarely  hap])ens  {ep).,  Auchenipterus  nodosus)  that  they  are  completely  absent.  Even 
w'hen  present  and  well  developed  in  such  Siluroids,  there  is  considerable  variety  in 
the  extent  to  which  the  cavities  of  these  appendages  are  sub-divided,  or  even 
partially  obliterated  by  the  growth  of  internal  septa  and  fibrous  trabeculae. 

Except,  perhaps,  in  the  case  of  Rita,  the  significance  of  these  caecal  structures  is  not 
always  obvious.  This  is  more  particularly  the  case  with  the  posterior  caecal  pro- 
longations of  the  air-bladder,  but  with  the  antero-lateral  caeca  it  is  somewhat 
different,  and  a possible  explanation  of  their  existence  may  be  suggested. 

A branching  condition  of  the  air-bladder,  with  the  branches  ending  in  caecal 
extremities,  is  very  common  in  certain  Physoclist  genera,*'  and  occasionally  such 
branches  may  acquire  a close  relation  with  the  internal  ear.  In  the  genera  Holo- 
centrum  and  Sargus,  two  caecal  processes  are  given  off  from  the  anterior  end  of  the 
air-bladder,  which  diverge  as  they  pass  forwards,  and  ultimately  become  applied 
to  the  fibrous  membranes,  closing  what  would  otherwise  be  vacuities  in  the  outer 
walls  of  the  auditory  capsules.  A similar  arrangement  has  been  described  by 
Parker  (31)  as  existing  in  the  Red  Cod  [Lotella  hacchus),  while  Weber  (39)  first 
lecorded  the  existence  of  an  analogous  but  more  intimate  connection  between  the 
two  structures  in  the  Herring  (Clupea  harengus).  It  may  at  least  be  conjectured 
that  the  connection  betAveen  the  air-bladder  and  the  internal  ear  in  these  Fishes 
subserves  a function  similar  to  that  of  the  Weberian  mechanism  in  the  Ostario- 
physese,  although,  no  doubt,  in  a very  primitive  and  rudimentary  fashion,  and, 
therefore,  tl)at  these  caecal  structures  represent  an  initial  stage  in  the  evolution  of 
that  mechanism.  We  are  not  aware  of  the  existence  of  antero-lateral  caeca  in  any 
Ostariophyseae  but  the  Siluridae.  Sagemehl  (33),  however,  has  described  the  tunica 
externa  of  the  air-bladder  in  certain  Characinidae,  as  being  prolonged  forwards  in 
the  form  of  a twisted  ligament,  which  anteriorly  splits  into  two,  and  is  attached 
to  the  posterior  portion  of  the  base  of  the  cranium.  Although  these  ligaments  are 
solid,  and  have  no  lumen,  and  it  is  expressly  stated  that  the  tunica  externa  has  no 
share  in  their  formation,  Sagemehl  regards  them  as  the  atavistic  vestiges  of 

* See  GOnther  (14,  pp.  141-145  ; also  15). 
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an  original  and  primitive  connection  between  the  air-bladder  and  the  internal  ear, 
which  preceded  the  evolution  of  the  Weberian  mechanism,  but  is  apparently  still 
retained  in  some  cases.  The  suggestion  is  certainly  an  ingenious  one,  but  as  regards 
the  Characinidse,  we  are  not  sure  that  much  can  be  said  in  its  favour.  It  is  quite 
possible  that  the  ligaments  in  question  are  merely  illustrations  of  the  many  and 
various  ways  in  which  the  air-bladder  in  the  Ostariophyseae  becomes  more  or  less 
intimately  attached  to  the  skeleton  for  physiological  purposes,  and,  after  all,  may 
have  no  such  significance  as  that  suggested.  On  the  other  hand,  the  antero-lateral 
caeca  of  such  Siluroids  as  Macrones  aor,  Osteogeniosus,  and  Platystoma,  are  hollow 
forward  prolongations  of  the  air-bladder,  involving  extensions  of  both  the  tunica 
externa  and  interna,  and  in  their  case  Sagemehl’s  suggestion  may  be  reasonably 
accepted. 

The  persistent  and  usually  bilobed  “ head-kidney  ” usually  occiq3ies  a recess  of 
corresponding  shape  in  relation  with  the  anterior  wall  of  the  air-bladder,  to  which 
indeed  its  posterior  surface  is  closely  applied.  The  peritoneum  invests  the  ventral 
surface  of  the  air-bladder,  and,  anteriorly,  extends  over  the  corresponding  surface  of 
the  “ head-kidney,”  but  at  the  anterior  margin  of  the  latter  is  reflected  backwards 
along  the  dorsal  surface  of  the  oesophagus.  Outwardly  directed  peritoneal 
cul-de-sacs  in  relation  with  the  antero-lateral  regions  of  the  air-bladder  are  almost 
invariably  developed  for  the  reception  of  portions  of  the  lateral  lobes  of  the  liver. 
Their  formation  appears  to  be  due  to  the  unusual  lateral  extension  of  the  anterior 
chamber  of  the  air-bladder,  and  its  apposition  on  each  side  to  the  external  skin 
(lateral  cutaneous  areas) — a modification  which  has  led  to  the  displacement  of  the 
lateral  lobes  of  the  liver  from  their  normal  position  between  the  bladder  and  the  side 
walls  of  the  body,  and  to  the  outward  and  forward  hernia-like  protrusion  of  a portion 
of  each  lobe  into  special  peritoneal  pouches.  Between  the  peritoneum  and  the 
proper  ventral  wall  of  the  air-bladder  the  latter  is  invested  by  a superficial  coat  of 
connective  tissue  which  varies  in  consistency  and  often  assumes  the  condition  of  a 
definite  fibrous  membrane,  more  particularly  where  it  invests  the  anterior  wall  of  the 
bladder,  in  which  position  it  forms  a fairly  strong,  inextensible,  transversely  disposed, 
fibrous  membrane,  varying  in  thickness  in  different  Siluroids,  and  specially  attached 
to  the  skeleton  along  its  dorsal  edge  and  lateral  margins.  To  a varying  extent  this 
superficial  coat  may  be  traced  on  to  the  lateral  and  dorsal  walls,  as  well  as  the 
anterior  wall  of  the  anterior  chamber,  and  also,  but  less  obviously,  on  to  the 
corresponding  surfaces  of  the  lateral  compartments.  The  skeletal  attachments  of  the 
transverse  membrane  vary  somewhat  in  different  Sduroids.  Dorsally,  it  is  always 
attached  near  the  median  line  to  the  complex  centrum  and  especially  to  its  oblique 
lateral  ridges,  and  by  a special  backward  prolongation  to  the  anterior  margin  of  each 
dorsal  lamina,  and  also  to  the  anterior  margins  of  the  transverse  processes  of  the 
fourth  vertebra ; laterally,  it  is  firmly  attached  to  the  decurved  distal  extremities  of 
the  transverse  processes  and  there  blends  with  the  ligamentous  fibres  by  which  the 
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latter  are  usually  connected  with  the  post-temporals.  The  dorsal  margin  of  the 
membrane  is  always  more  or  less  continuous  with  the  fibrous  floor  of  the  saccus 
paravertebralis.  Where  an  “elastic-spring”  apparatus  is  present  the  membrane  is 
continuous  with  the  margins  of  the  terminal  plates,  and  from  thence  is  continuous 
with  the  connective  tissue  investment  of  the  lateral  and  ventral  surfaces  of  the 
anterior  chamber  of  the  air-bladder.  In  those  Siluroids  in  which  subvertebral 
processes  are  present  the  transverse  membrane  is  always  attached  to  their  lateral 
and  ventral  margins.^'  Anteriorly,  the  dorsal  margin  of  the  transverse  membrane 
is  more  or  less  obviously  continuous  with  an  aponeurotic  membrane  which,  after 
investing  the  dorsal  surface  of  the  “ head-kidney,”  and  the  ventral  surfaces  of  the 
centrum  of  the  first  vertebra  and  the  hinder  portion  of  the  basioccipital,  extends 
ventrally  as  a transversely  disposed  fibrous  sheet  in  relation  with  the  anterior 
surface  of  the  “head  kidney,”  and  laterally  blends  with  the  ligamentous  fibres  that 
unite  the  post-temporals  with  the  transverse  processes  of  the  fourth  vertebra. 
This  aponeurotic  membrane  we  regard  as  a dorsal  and  backward  extension  of 
the  same  fibrous  sheet  that,  ventrally,  separates  the  pericardial  and  abdominal 
cavities.  On  the  contrary,  the  connective  tissue  investment  of  the  air-bladder  and 
its  special  development,  the  transverse  membrane,  must  be  considered  as  belonging 
to  that  organ,  of  which  it  is  really  the  superficial  coat.  These  structures  are  of 
some  interest  for  two  reasons — first,  because  they  ai'e  liable  to  become  the  seat 
of  ossified  deposit ; and,  secondly,  because  the  inextensibility  and  the  skeletal 
attachments  of  the  transverse  membrane  enable  it  to  supplement  other  structures 
in  affording  a rigid  support  to  the  anterior  wall  of  the  bladder. 

In  almost  all  normal  Siluroids  the  lateral  or  outer  walls  of  the  anterior  chamber  of 
the  air-bladder  are  more  or  less  extensively  and  intimately  applied  to  lateral  cutaneous 
areas,  and  this  relation  of  the  two  structures  is  always  brought  about  by  the  diver- 
gence of  the  dorso-lateral  and  ventro-lateral  muscles  of  the  trunk  combined  with  an 
unusual  lateral  extension  of  the  anterior  portion  of  the  bladder. 

In  all  the  normal  Siluroids,  without  an  exception,  a ductus  pneumaticus  is  present, 
and,  after  a sigmoid  or  slightly  tortuous  course,  opens  into  the  anterior  chamber  in 
the  median  line  of  its  ventral  wall,  and  immediately  in  front  of  the  ventral  margin  of 
the  primary  transverse  septum. 

The  general  structure  of  the  walls  of  the  air-bladder  in  all  normal  Siluroids  is 
essentially  similar  to  that  we  have  already  described  in  Macrones  (p.  92),  but  their 
thickness  is  subject  to  considerable  variation  in  different  species.  The  fundamental 
arrangement  of  the  fibres  of  the  tunica  externa  in  the  form  of  an  inner  stratum  of 
circularly  disposed  fibres  and  an  outer  stratum  of  longitudinal  fibres  is  always  so  far 

* In  a few  genera,  and  notably  in  the  normal  Pimelodinse,  no  distinct  transverse  membrane  exists, 
and  in  such  cases  it  seems  probable  that  the  membrane  has  coalesced  with  the  proper  anterior  wall  of 
the  bladder,  and  shares  with  the  latter  its  dorsal  attachment  to  the  anterior  margins  of  the  transverse 
processes. 
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departed  from,  that  the  fibres  of  both  strata  vary  their  course  and  direction  in  different 
parts  of  the  bladder,  although  at  any  one  point  the  fibres  of  one  layer  rarely  agree 
in  direction  with  those  of  the  other,  but  intersect  at  a greater  or  less  angle.  It  is 
only  as  the  two  strata  approach  their  common  attachments  to  the  skeleton  that  then* 
component  fibres  coincide  in  direction.  The  variable  course  of  the  fibres  is  largely 
due  to  the  differentiation  of  special  tracts  of  fibres  in  certain  regions  of  the  air- 
bladder  for  skeletal  attachments. 

Not  only  is  the  anterior  compartment  of  the  air-bladder  more  or  less  completely 
invested  by  bone  on  its  dorsal  and  anterior  surfaces,  but  its  walls  are  attached  to 
rigid  portions  of  the  axial  skeleton  and  to  movable  ossicles  at  certain  special  points. 
As  to  the  nature  and  extent  of  the  fixed  skeletal  attachments,  there  is  substantial 
uniformity  in  the  different  members  of  the  group,  and  the  physiological  effect  of  such 
skeletal  connections  is,  in  the  great  majority  of  cases,  the  same,  viz  , to  render  the 
anterior,  dorsal,  ventral,  and  posterior  walls  incapable  of  participating  in  any  disten- 
sion of  the  chamber,  which,  consequently,  must  solely  depend  upon  the  movement  of 
the  lateral  walls.  The  posterior  wall,  i.e.,  the  primary  transverse  septum,  is  always 
attached  at  its  dorsal  margin  to  the  ventral  and  lateral  surfaces  of  either  the  complex 
or  the  fifth  centrum — rarely  to  the  sixth  centrum ; laterally  to  this  the  dorsal  edge  of 
the  septum  is  invariably  attached  to  the  ventral  surfaces  of  the  transverse  processes 
of  the  fifth  vertebra,  or  to  those  of  the  fourth  vertebra,  or  exceptionally  to  the  corre- 
sponding processes  of  the  sixth  vertebra  ; and,  in  addition,  a sheet  of  fibres  is  often 
prolonged  forwards,  on  either  side  of  tlie  complex  centrum,  into  the  dorsal  wall,  where 
it  eventually  becomes  attached  to  the  dorsal  lamina  of  its  side.  These  attachments 
we  have  elsewhere  referred  to  as  the  “ posterior  pillars  ” of  the  compartment.  As 
the  anterior  wall  is  usually  more  or  less  efficiently  buttressed  by  the  transverse 
processes  of  the  fourth  vertebra,  or  by  post-temporal  plates,  or  median  subvertebral 
processes,  the  extent  of  its  attachment  to  the  skeleton  varies  inversely  with  the 
extent  to  which  it  is  invested  or  supported  by  bone.  The  median  portion  of  the 
wall  is  always  attached  dorsally  to  the  ventral  surface  and  sides  of  the  anterior 
portion  of  the  complex  centrum,  often  by  means  of  laterally  situated,  oblique,  bony 
ridges,  and  also  to  the  radial  nodules.  Laterally  to  this,  on  each  side,  the  anterior 
wall  may  be  so  completely  invested  by  bone  as  to  be  free  from  any  special  connexion 
or  attachment  to  rigid  portions  of  the  axial  skeleton  {e.g.,  Macrones)  ; or  in  correla- 
tion with  a less  complete  bony  support,  the  outer  stratum  of  the  tunica  externa  of 
the  anterior  wall  may  separate  dorsally  from  the  inner  stratum,  and  become  firmly 
inserted  into  the  decurved  anterior  margin  of  the  transverse  process  of  the  fourth 
vertebra  {e.g.,  Arius,  Aiichenoglcinis,  Pimelodn.s).  The  dorsal  attachment  of  the 
median  portion  of  the  anterior  wall  to  the  radial  nodules  and  to  the  complex  centrum 
occurs  in  all  the  normal  Siluroids,  and  may  be  regarded  as  constituting  the  “anterior 
pillars”  of  the  compartment.  The  ventral  wall  may  also  be  considered  as  rigidly 
attached  to  the  skeleton,  both  in  front  and  behind,  inasmuch  as  its  inner  stratum 
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of  longitudinally  disposed  fibres,  sometimes  thickened  into  stout  inwardly  projecting 
ridges,  extends  into  both  the  anterior  and  posterior  walls,  and  shares  the  skeletal 
attachments  of  the  anterior  and  posterior  pillars.*  Although,  as  a rule,  extremely 
tliin,  the  median  portion  of  the  dorsal  wall,  over  an  area  bounded  in  front  and  behind 
by  the  anterior  and  posterior  pillars,  and  laterally  by  the  dorsal  walls  of  the  two 
outwardly  bulging  halves  of  the  chamber,  is  always  firmly  attached  to  the  ventral 
and  lateral  surfaces  of  the  complex  centrum,  and  possibly  also  to  those  of  the  fifth 
centrum. 

The  attachment  of  the  walls  of  the  anterior  chamber  to  movable  ossicles  (the 
tripodes)  is  effected  by  the  convergence  of  the  fibres  of  both  strata  of  the  tunica 
externa  of  the  anterior  and  lateral  walls  into  the  dorsal  wall  in  the  form  of  two 
triangular  sheets,  and  their  ultimate  insertion  into  the  crescentic  processes  of  the 
tripodes,  which  are  situated  near  the  anterior  and  inner  corners  of  the  lateral  halves 
of  the  anterior  chamber.  As  pointed  out  in  the  special  case  of  Macrones  nemurus, 
it  is  generally  also  the  case  in  most  other  normal  Siluroids  that  the  fibres,  which  at 
one  end  of  their  course  are  inserted  into  the  movable  tripodes,  are  at  the  other 
extremity  absolutely  or  relatively  fixed,  the  fibres  of  the  inner  stratum  of  the  tunica 
externa  being  successively  continued  from  the  ossicles  into  the  dorsal,  the  lateral  or 
antero-lateral  walls,  and  eventually  into  the  ventral  wall,  and  from  thence  into  the 
primary  transverse  septum  to  the  skeletal  attachments  of  the  latter,  while  the 
curvilinear  fibres  of  the  outer  stratum  follow  the  same  course  until  they  reach  the 
lateral  walls,  from  whence  they  are  ultimately  traceable  into  the  relatively  fixed  or 
inexpansible  walls  of  the  lateral  compartments.  The  variations  in  the  extent  to 
which  these  fibres  are  attached  to  the  tripodes  are  mainly  confined  to  one  feature.  A 
slip  of  fibres  derived  from  the  median  portion  of  the  anterior  wall  is  always  inserted 
dorsally  into  the  ventral  ridge  of  each  tripus,  or  directly  into  the  ventral  surface  of 
the  ossicle  when  the  ridge  fails  to  be  developed.  Laterally  to  this  point  the  fibres 
forming  the  whole  thickness  of  the  tunica  externa  of  the  anterior  and  lateral  walls 
may  converge  in  the  dorsal  wall  and  become  attached  to  the  tripodes  {e.g.,  Macrones)  ; 
or  as  in  many  other  Siluroids  {e.g.,  Arius,  Pimelodus,  &c.),  the  outer  stratum  of  the 
anterior  wall  is  continuously  attaclied  by  its  dorsal  edge  to  the  transverse  process  of 
the  fourth  vertebra,  and  only  the  comparatively  thin  inner  stratum,  in  addition  to 
the  fibres  of  both  strata  from  the  lateral  walls,  extend  into  the  dorsal  walls  and 
constitute  the  triangular  sheets.  In  the  latter  case  but  few,  if  any,  of  the  fibres  of 
the  inner  stratum  reach  the  tripodes,  which,  in  consequence,  only  receive  the  direct 
insertion  of  the  outer  stratum  of  the  tunica  externa  of  the  lateral  and  antero-lateral 
walls. 

* A further  device,  with  the  like  object  of  giving  additional  rigidity  to  the  ventral  wall,  may, 
perhaps,  be  found  in  the  obliquity  of  the  primary  transverse  septum,  and  in  the  tendency  of  the  lateral 
compartments  to  more  or  less  completely  overlap  the  anterior  chamber  on  its  ventral  side,  which  are 
such  obvious  features  in  the  air-bladders  of  many  species  of  Arius  and  some  Pimelodina). 
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Radial  fibres  arising  from  the  radial  nodules  and  inserted  into  the  concave  inner 
margins  of  the  crescentic  processes  of  the  tripodes  or  into  the  corresponding  margins 
of  their  ventral  ridges  are  invariably  differentiated  from  the  dorsal  wall  of  the  anterior 
chamber.  In  two  instances  {Auchenipterus,  Oxydoras),  where  the  function  of  the 
radial  fibres  is  taken  by  the  flexible  and  highly  elastic  ai’ticular  process  of  the  tripus, 
the  former  are  but  scantily  and  feebly  developed. 

As  we  have  previously  pointed  out,  the  lateral  compartments  of  the  air-bladder  are 
neither  invested  by  bone  nor  are  they  directly  attached  to  the  skeleton,  but  project 
freely  into  the  anterior  portion  of  the  abdominal  cavity.  The  most  important  feature 
in  connection  with  their  structure,  apart  from  their  relatively  greater  capacity  when 
compared  with  the  anterior  chamber,  is  their  separation  hy  a common  longitudinal 
septum  and  the  frequently  septate  condition  of  their  cavities.  Physiologically,  the 
longitudinal  septum  and  the  secondary  transverse  septa  subserve  the  double  function 
of  rendering  the  lateral  chambers  almost  incapable  of  distension,  and  at  the  same  time 
diminishing  the  susceptibility  to  the  effects  of  external  pressure.  Hence  it  follows 
that  all  variations  that  may  take  place  in  the  volume  of  the  air-bladder  are  dependent 
on  the  lateral  expansion  or  contraction  of  the  anterior  chamber. 

Not  the  least  remarkable  feature  in  the  air-bladder  of  the  Siluroid  Fishes  is  the 
liability  of  its  walls  to  become  invaded  by  ossified  deposit,  either  by  extension  from 
certain  of  the  adjacent  skeletal  elements  which  are  always  more  or  less  intimately 
connected  with  the  organ,  or  by  apparently  independent  ossifications  that  subsequently 
coalesce  with  the  contiguous  skeletal  structures.  The  oblique  lateral  ridges  of  the 
complex  centrum  are  clearly  ossifications  of  the  transverse  membrane  along  the  line  of 
its  mesial  and  dorsal  insertion  into  the  lateral  surfaces  of  the  centrum.  Similarly,  the 
dorsal  laminae  are  to  be  regarded  as  ossifications  of  the  dorsal  portion  of  the  super- 
ficial coat  of  the  air-bladder.  In  our  previous  references  to  the  skeletal  attachments  of 
the  dorsal  margin  of  the  transverse  membrane  we  described  the  latter  as  not  only 
inserted  into  the  lateral  ridges  of  the  complex  centrum,  but  also  as  being  prolonged 
backwards  on  each  side  of  the  centrum  and  dorsad  to  the  anterior  chamber  of  the 
bladder  in  the  form  of  a slip  of  fibres  which  is  ultimately  inserted  into  the  anterior 
margin  of  the  dorsal  lamina  of  its  side.  The  direction  of  the  dorsal  lamina,  as  it 
passes  from  the  ventral  surface  of  the  transverse  process  of  the  fourth  vertebra  to  its 
junction  with  the  lateral  ridge  of  the  complex  centrum  and  the  radial  nodule,  exactly 
coincides  with  the  course  of  this  strip  of  fibres,  so  that  the  lamina  appears  as  an 
ossified  backward  prolongation  of  the  latter  to  an  original  insertion  into  the  modified 
transverse  process.  In  fact,  there  can  scarcely  be  any  doubt  that  both  the  lateral 
ridges  and  the  dorsal  laminm  result  from  the  ossification  of  the  superficial  coat  of  the 
bladder  along  the  lines  of  its  primitively  wholly  fibrous  attachments  to  the  sides  of 
the  complex  centrum  and  to  the  ventral  surfaces  of  the  transverse  processes  of  the 
fourth  vertebra.  The  slightly  free  posterior  margin  of  the  dorsal  lamina,  as  we  have 
already  mentioned,  receives  the  insertion  of  the  more  laterally  situated  fibres  of  the 
MDCCCXCIII. — B.  2 I 
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posterior  pillars  which  curve  forv*^ards  into  the  dorsal  wall  of  the  anterior  chamber, 
and  it  is  possible  that  the  ossification  of  those  fibres  along  the  line  of  their  skeletal 
attachment  may  have  somewhat  widened  the  lamina  in  some  Siluroids  {e.g., 
Macrones),  but  in  many  others  {e.g.,  Platystoma,  Malapterurus,  &c.),  where  the 
dorsal  lamina  is  represented  in  the  usual  position  by  a very  slender  spicule  of  bone, 
and  the  lateral  portions  of  the  posterior  pillars  are  inserted  more  posteriorly  than  in 
Macrones,  that  is,  to  the  ventral  surfaces  of  the  transverse  processes  of  the  fifth 
vertebra,  it  is  probable  that  the  lamina  is  formed  solely  by  the  ossification  of  the 
superficial  coat  of  the  air-bladder. 

There  can  be  but  little  doubt  that  the  radial  nodules  are  independent  ossifications 
of  the  tunica  externa  in  relation  with  the  skeletal  attachments  of  the  radially 
disposed  fibres  converging  from  the  concavities  of  the  crescentic  processes  of  the 
tripodes  towards  the  complex  centrum,  which  may  either  permanently  retain  their 
close  fibrous  connection  with  the  centrum  or  become  anchylosed  thereto.  Ramsay 
Weight  (43)  has  shown  that  the  crescentic  process  of  the  tripus,  or  at  all  events  the 
inwardly  curved  portion  which  is  imbedded  in  the  dorsal  wall  of  the  bladder,  is  also 
formed  as  an  ossification  of  the  tunica  externa,  and  only  secondarily  becomes  con- 
tinuous with  the  remainder  of  the  ossicle.  The  same  writer  {loc.  cit.)  refers  to  the 
superficial  ossifications  investing  the  sides  of  the  complex  and  fifth  vertebral  centra 
as  “developed  in  connection  with  the  air-hladder.”  If  this  be  so  the  ossifications 
are  obviously  due  to  the  conversion  into  bone  of  the  outer  stratum  of  that  part  of  the 
tunica  externa  of  the  dorsal  wall  of  the  anterior  chamber  which  is  moulded  and 
adherent  to  the  lateral  and  ventral  surfaces  of  these  centra,  and  the  fact  that  the 
ossifications  are  always  co-extensive  with  that  part  of  the  dorsal  wall  wdiich  is 
represented  by  little  more  than  the  tunica  interna,  and  certainly  appear  to  replace 
the  tunica  externa  in  that  region,  confirms  this  conclusion.*  It  would  seem,  there- 
fore, a legitimate  inference  that  these  ossifications  are  due  to  the  conversion  into  bone 
of  the  primitively  more  extensive,  purely  fibrous  attachments  of  the  posterior  pillars 
to  the  lateral  and  ventral  surfaces  of  the  complex  and  fifth  centrat  in  much  the  same 
way  that  the  oblique  lateral  ridges  and  the  dorsal  laminre  are  ossifications  in  the 
skeletally  attached  portions  of  the  superficial  coat.  It  may  be  also  concluded  that  all 

* Recently  Sorensen  (.37)  has  more  precisely  shown  that  in  Platystoma  the  superficial  ossifications 
do  result  from  the  ossification  of  the  tunica  externa  in  the  way  we  have  suggested,  and  in  this  Siluroid 
may  even  form  the  greater  part  of  the  complex  centrum.  The  same  writer  is  of  opinion  that  the  inner 
layer  of  the  peritoneum  (la  plevre),  or  what  we  have  referred  to  as  the  superficial  coat  of  the  bladder,  is 
also  concerned  in  the  formation  of  these  ossifications.  As  illustrating  the  contagious  nature  of  this 
tendency  to  ossification,  it  may  be  mentioned  that  Sorensen  further  concludes  that  the  lateral  ridges 
bounding  the  aortic  groove  are,  in  part  at  least,  due  to  the  ossification  of  the  walls  of  the  aorta  itself, 
which  may,  as  in  Platystoma,  even  lead  to  the  formation  of  a complete  bony  aortic  canal. 

f Sorensen’s  statement  (loc.  cit.)  that  in  Platystoma  the  fibres  in  the  superficial  ossifications  are  so 
disposed  that  they  exactly  coincide  with  the  direction  of  the  fibres  forming  the  forward  extension  of  the 
posterior  pillars  into  tlie  dorsal  wall  of  the  anterior  chamber  supports  this  suggestion. 
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such  adventitious  ossifications  as  those  above  mentioned  are  Invariably  fonned  in 
connection  with  the  attachments  of  the  bladder  to  fixed  or  movable  parts  of  the 
skeleton,  and  that  such  attachments  were  orig-inally  Avholly  fibrous,  but  subsequently 
became  invaded  by  bony  deposit. 

The  post-temporal  plates,  which  so  efficiently  buttress  the  lateral  portions  of  the 
anterior  wall  of  the  anterior  chamber  {e.g.,  Macrones,  &c.)  seem  to  have  been  formed 
by  the  extension  of  ossification  from  the  inferior  limb  and  stem  of  the  post-temporal 
into  the  aponeurotic  membrane  and  the  lateral  portions  of  the  transverse  membrane  ; 
and  in  these  instances  {e.g.,  Macrones  aor)  where  the  wall  of  the  bladder  which  is 
applied  to  these  plates  is  exceptionally  thin  it  is  at  least  possible  that  ossification  of 
the  tunica  externa  has  contributed  to  their  growth. 

The  various  sub  vertebral  jDrocesses  which  probably  subserve  a similar  function,  in 
part,  at  least,  owe  their  formation  to  an  extension  of  the  superficial  ossifications  of  the 
complex  centrum  into  the  mesial  portion  of  the  transverse  membrane. 

The  peculiar  crescentic  distal  extremities  of  the  transverse  processes  of  the  fourth 
vertebra,  which  in  some  Siluroids  {e.g.,  Macrones,  Liocassis,  Bagrus,  &c.)  partially 
encircle  the  post-temporal  plates,  are  almost  certainly  formed  by  a similar  extension  of 
bony  deposit  from  their  proper  vertebral  portions  into  the  lateral  regions  of  the 
transverse  membrane,  the  transition  from  the  bony  to  the  fibrous  structure  being 
readily  traceable. 

Sorensen  {loc.  cit.)  has  shown  that  the  terminal  plates  of  the  “elastic-spring” 
apparatus  are  often  formed  in  a precisely  similar  fashion.  In  Malapterurus  for 
example,  he  concludes  that  these  structures  are  due  solely  to  the  ossification  of  the 
transverse  membrane  (or  “ la  plevre  ”),  but  in  such  forms  as  Synodontis  and  Doras 
ossification  implicates  the  outer  stratum  of  the  tunica  externa  of  the  air-bladder  as 
well.  Our  own  investigations  enable  us  to  state  that  Auclienipterus,  Oxydoras, 
Pangasius  djambal,  and  P.  Buchanani  resemble  in  this  respect  the  two  last-mentioned 
genera,  while  P.  juaro  and  P.  macronema,  on  the  contrary,  agree  with  Malapterurus 
in  that  the  plates  are  formed  by  the  ossification  of  the  transverse  membrane  alone. 

The  formation  of  bony  deposits  in  the  proper  walls  of  the  air-bladder  or  in  its 
superficial  coat  has  probably  been  determined  by  physiological  considerations,  and 
generally  with  the  object  of  securing  either  a firm  or  more  extensive  connection  of 
the  walls  of  the  air-bladder  to  adjacent  fixed  or  movable  skeletal  elements,  or  a more 
effective  buttressing  of  certain  regions,  and  their  significance  from  this  point  of  view 
will  be  discussed  in  a future  section  of  this  paper. 

Although  we  have  never  been  able  to  detect  the  presence  of  intrinsic  muscular 
fibres  in  the  walls  of  the  air-bladder,  powerful  extrinsic  muscles  are  present  in  several 
Siluroids.  In  Platystoma  tigrinum,  Pwiclodus  maculatus,  P.  ornatus,  and  Piramu- 
tana  piramuta,  a powerful  muscle  takes  origin  from  the  posterior  face  of  the  skull, 
on  each  side  of  the  foramen  magnum,  and  is  inserted  into  nearly  the  whole  extent  of 
the  corresponding  half  of  the  ventral  surface  of  the  anterior  chamber.  As  the 
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contraction  of  these  muscles  must  forcibly  compress  the  anterior  chamber,  we  have 
termed  them  the  “ compressor  muscles”  of  the  air-bladder.  They  probably  occur  in 
many  other  Pimelodinse,  but,  so  far  as  our  investigations  are  concerned,  are  confined 
to  that  group. 

The  presence  of  compressor  muscles  is  invariably  associated  with  the  existence  of  a 
pair  of  much  smaller  muscles  which  arise  from  the  exoccipitals,  and  are  inserted  into 
the  anterior  wall  of  the  anterior  chamber  of  the  bladder.  The  tendon  of  each  muscle 
has  its  insertion  into  the  anterior  wall  immediately  external  to  the  complex  centrum, 
and  the  insertion  coincides  with  the  extension  of  a slip  of  fibres  from  the  inner 
surface  of  the  anterior  wall  to  the  ventral  ridge  and  concave  inner  margin  of  the 
crescentic  process  of  the  tripus.  As  the  contraction  of  these  muscles  must  evidently 
have  the  etiect  of  limiting  the  violent  excursions  of  the  tripodes  which  might  other- 
wise take  place  when  the  anterior  chamber  is  forcibly  compressed  by  the  contraction 
of  its  compressor  muscles,  we  have  suggested  for  each  the  name  of  “ tensor  tripodls.” 

An  “ elastic-spring  ” apparatus,  provided  with  powerful  protractor  muscles,  has 
already  been  described  by  Johannes  Muller  as  existing  in  the  South  American 
genera  Auchenipterus,  Doras,  and  Euanemus,  and  in  the  African  Siluroids  Synodontis 
and  Malapterurus.  To  this  list  our  investigations  enable  us  to  add  the  South 
American  form  Oxydoras  hrevis,  and  the  East  Indian  species  Pangasius  Buchanani, 
P.  djamhal,  P.  juaro,  and  P.  macronema.  The  absence  of  this  mechanism  in  one 
species  of  Pangasius,  viz.,  P.  micronema,  while  present  in  all  the  remaining  species 
of  the  genus  that  came  under  our  notice,  is  an  interesting  and  noteworthy  fact. 

Two  points  in  connection  with  this  apparatus  may  be  noted,  first,  the  reception 
of  the  outer  margins  of  the  tripodes  into  grooves  between  the  terminal  plates  and 
their  flexible  and  elastic  roots,  whereby  the  forcible  compression  of  the  air-bladder 
which  follows  the  recoil  of  the  plates,  is  prevented  from  imparting  a too  violent  shock 
to  the  Weberian  ossicles  and  the  fluids  of  the  internal  ear  ; secondly,  the  geographical 
distribution  of  these  fishes  in  which  the  mechanism  is  present,  affords  an  additional 
instance  of  the  singular  and  exceptional  resemblances  that  have  been  noted  between 
the  South  American,  African,  and  East  Indian  faunas. 

The  extent  to  which  those  species  with  an  “ elastic-spring  ” mechanism  differ  from 
other  S.  normales  is  subject  to  some  variation.  Thus,  in  Malapterurus,  Pangasius 
juaro,  and  P.  micronema,  the  transverse  process  of  the  fourth  vertebra  retains  both 
its  characteristic  divisions,  although  the  anterior  on  each  side  forms  an  elastic  spring, 
and  the  terminal  oval  plates  of  the  mechanism  are  formed  by  the  ossification  of  the 
transverse  membrane  alone.  In  Pangasius  djamhal,  P.  Buchanani,  Synodontis,  and 
Doras  a further  modification  is  introduced  in  the  formation  of  the  terminal  plates 
from  both  the  transverse  membrane  and  the  tunica  externa,  but  the  transverse 
process  still  retains  a well-developed  posterior  division.  Finally,  Auchenipterus  and 
Oxydoras,  while  agreeing  with  the  last-mentioned  Siluroids  in  the  mode  of  formation 
of  the  terminal  plates,  differ  from  them  in  that  the  modified  transverse  process  has 
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lost  all  trace  of  a posterior  division,  and  the  corresponding  process  of  the  fifth 
vertebra  has  atrophied  altogether,  or  is  rudimentary. 

The  evolution  of  the  mechanism  presents  no  difficulty,  inasmuch  as  the  necessary 
factors  are  obvious  in  many  Siluroids.  The  anterior  division  of  the  transverse 
})rocess  of  the  fourth  vertebra  is  often  flexible  {e.g.,  many  Arioid  genera),  even  while 
retaining  its  normal  articular  relations  with  the  post-temporal,  and  in  other  Siluridac 
(e.^.,  Macrones)  it  not  infrequently  happens  that  the  terminal  portion  of  the  process 
is  in  part  formed  by  the  ossification  of  the  transverse  membrane,  while  the  protractor 
muscles  can  readily  be  regarded  as  derivatives  from  the  anterior  section  of  the  dorso- 
lateral musculature  which  passes  over,  and  is  partially  inserted  into,  the  dorsal 
surfaces  of  the  modified  anterior  transverse  processes,  on  its  way  to  the  posterior 
face  of  the  skull. 

We  were  at  one  time  tempted  to  think  that  the  post-temporal  plates  of  Macrones 
and  the  allied  genera  might  represent  a form  of  “ elastic-spring  " mechanism.  Both 
in  their  relations  to  the  anterior  wall  of  the  air-bladder  and  their  growth  as  ossifica- 
tions of  the  transverse  membrane,  and  the  outer  stratum  of  the  tunica  externa,  these 
plates  resemble  the  terminal  expansions  of  an  “ elastic-spring  ” apparatus,  but  that 
they  have  the  same  functional  significance  is  extremely  doubtful.  There  are  no 
special  muscles  for  their  protraction,  nor  any  arrangement  for  elastic  recoil.  What- 
ever power  of  backward  or  forward  movement  they  possess  must  be  very  slight,  and 
must  depend  entirely  on  the  corresponding  swing  of  the  loosely  articulated  post- 
temporal bones  in  conjunction  with  the  whole  of  the  pectoral  girdle,  the  mobility  of 
which  is  certainly  well  marked  in  these  as  in  many  other  Siluridse.  But  it  is 
extremely  improbable  that  such  pendulum-like  antero-posterior  movements  of  the 
pectoral  girdle  can  have  much  effect  on  the  post-temporal  plates,  seeing  that  their 
inner  and  ventral  margins  are  closely  attached  by  ligamentous  fibres  and  by  the 
dorsal  edge  of  the  transverse  membrane  to  the  crescentic  distal  portion  of  the 
modified  transverse  process.  The  connection  is  perhaps  not  so  rigid  but  that  it 
admits  of  a very  slight  forward  or  backward  movement  of  the  plates  to  an  extent 
which  in  no  case  exceeds  1 mm.,  at  all  events  in  spirit  preserved  specimens.  So 
slight  a range  of  movement  can  scarcely  be  regarded  as  likely  to  produce  any 
appreciable  effect  either  on  the  air-bladder  or  its  gaseous  contents.  For  these  reasons 
we  prefer  to  consider  the  plates  merely  as  bony  buttresses  for  the  purpose  of 
effectually  damping  the  anterior  wall  of  the  bladder  ; they  consequently  aid  in 
restricting  any  movements  of  vibration,  or  expansion  and  contraction,  solely  to  the 
lateral  walls  of  the  anterior  chamber. 

In  addition  to  those  genera  and  species  that  we  have  either  been  able  to  examine 
for  the  first  time,  or  to  revise,  there  are  several  others  which,  from  the  description  ol 
various  writers,  must  also  be  referred  to  the  SiluridcB  normales  ; these  are  the  genera 
llara,  Pseudeutropius,  Olyra,  Chaca,  Piratinga,  Sorubim,  Callophysus,  Synodontis, 
Doras,  and  certain  species  of  PlaXystonia  and  Arius.  The  details  given  of  the 
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structure  of  the  air-bladder  iu  these  forms  are  for  the  most  part  but  scanty,  and,  as  a 
rule,  are  only  sufficient  to  enable  us  to  infer  that  the  organ  is  normally  developed, 
although  in  several  instances  they  certainly  furnish  additional  illustrations  of  the 
polymorphic  condition  of  the  air-bladder  in  different  Siluroids.  Skeletal  modifications 
are  but  seldom  referred  to  except  by  Muller  in  the  case  of  Synodontis,  Euanemus, 
and  Doras  where  an  “ elastic-spring  ” apparatus  is  present,  and  in  no  instance  is 
there  any  reference  to  those  portions  of  the  internal  ear  which  are  specially  related  to 
the  Weberian  mechanism. 

With  regard  to  the  genera  Hava,  Olyra,  Pseude,utropius  (Day,  loc.  cit.)  and  Chaca 
(Cuv.  and  Val.,  loc.  cit.)  nothing  is  known  beyond  the  fact  that  the  air-bladder  is  well 
developed  and  not  enclosed  by  bone.  Platystomci  fasciatum,  P.  cortiscans,  and  Callo- 
2)hysus  are  remarkable  for  the  variable  development  of  the  curious  csecal  appendages 
attached  to  the  air-bladder.  We  have  elsewhere  described  the  antero-lateral  caeca  of 
Platystomci  tigrinum,  and  according  to  Johannes  Muller  {loc.  cit.)  precisely  similar 
structures  are  also  present  in  P.  fasciatum,  but  in  P.  corv.scans  it  would  appear,  on 
the  same  authority,  that  such  appendages  are  entirely  wanting.  On  the  other  hand, 
in  Callopliysiis  caecal  appendages  are  exceptionally  well  developed  and  form  an 
elegant  wreath  surrounding  the  lateral  margins  of  the  bladder.  In  certain  other 
Pimelodinae  these  structures  are  entirely  absent.  With  the  exception  of  the 
Pimelodinae  the  only  other  Siluroid  known  to  possess  such  appendages  is  Doras 
maculatus,  which,  according  to  Sorensen  {ante,  ju  165),  has  a fringe  of  branching  caecal 
tubules  surrounding  the  lateral  margins  of  the  air-bladder.  Among  the  variations  in 
the  structure  of  the  air-bladder  recorded  by  Muller  may  be  mentioned  the  trans- 
verse constriction  of  the  organ  into  three  intercommunicating  and  longitudinally 
arranged  compartments  in  Ariiis  emphysetus — a variation  which  was  certainly  not  met 
with  in  any  of  the  Ariinae  examined  by  us.  In  the  Pimelodinae  Piratinga  fila- 
mentosa  is  also  said  by  Muller  to  have  the  air-bladder  divided  into  two  sacs,  lying 
one  behind  the  other ; both  are  said  to  be  cellular,  but  while  the  anterior  sac  is  in 
connection  with  the  oesophagus  by  a ductus  pneumaticus,  the  posterior  one  has  no 
communication  either  with  the  oesophagus  or  with  its  fellow  in  front. 

The  presence  of  muscles  in  connection  with  the  air-bladder  is  confined,  so  far  as  our 
experience  is  concerned,  to  the  Pimelodime,  but,  according  to  Cuvier  and  Valen- 
ciennes {loc.  cit.),  powerful  extrinsic  muscles  are  also  present  in  Arius  Milberti  and 
A.  codatus.  A.  Milberti  we  have  had  no  opportunity  of  examining,  but  in  A.  ccelatus 
thei’e  is  no  trace  whatever  of  such  muscles,  and,  as  the  same  remark  apjilies  also  to 
every  one  of  the  eleven  species  of  Arius  dissected  by  us,  we  fancy  that  the  statement 
quoted  is  as  erroneous  in  the  case  of  A.  Milberti  as  it  certainly  is  with  regard  to 
A.  ccelatus.  The  same  writers  have  also  described  extrinsic  muscles  in  connection 
with  the  air-bladder  of  AElurichtliys  Gronomi,  of  which  two  on  the  ventral  surface  are 
said  to  be  able  to  compress  the  bladder.  The  only  species  of  this  genus  {A.  longispinis) 
that  we  dissected  assuredly  had  no  such  structures. 
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2.  Siluriche  Ahnormales. 

Omitting  for  the  present  any  reference  to  such  extremely  aberrant  forms  as 
Hypophthalmus,  Rliinelepis  and  the  various  Loricaroid  genera,  we  confine  our  summary 
of  this  group  to  the  various  genera  and  species  that  came  directly  under  our  notice. 
These  are : — Clarias,  Saccobranchus,  Eutropiichthys,  Cryptopterus  (two  species), 
Ailia,  Schilbichthys,  Silondia,  Acrochordonichthys,  Ahysis,  Pimelodus  (two  species), 
BagariuSy  Glyptosternum,  Euclypto sternum,  CaUomystax,  and  Cetopsis. 

In  all  these  forms  the  series  of  rigidly  interconnected  vertebrae  includes  only  the 
first,  the  complex,  and  the  fifth  vertebrae,  the  sixth  being  almost  invariably  free. 
The  rigid  articulation  of  the  anterior  vertebrae  with  the  skull  is  as  marked  in  this 
group  as  in  the  preceding  one,  and  is  brought  about  by  substantially  similar  means. 
The  centrum  of  the  first  vertebra  is  usually  somewhat  more  rudimentary  than  in  the 
normal  forms,  and  neither  it,  nor  the  basioccipital,  nor  the  complex  centrum,  are  ever 
provided  with  accessory  articular  processes.  Subvertebral  processes  are  never 
developed.  The  complex  vertebra  has  the  same  general  characters  as  in  the  foregoing 
group.  The  spinous  processes  of  the  third  and  fourth  vertebrae  form,  as  a rule,  a con- 
tinuous thin  lamina  of  bone,  usually  articulated  along  its  dorsal  edge  with  the  supra- 
occipital  spine,  and  it  but  rarely  happens  that  the  spine  of  the  fourth  is  cleft  for  the 
support  of  the  first  interspinous  bone  which,  therefore,  is  usually  supported  by  the 
bifid  spine  of  the  fifth  vertebra.  Superficial  bony  deposit  may  thicken  the  sides  of 
the  complex  and  fifth  vertebral  centra,  and  even  invest  the  lateral  and  ventral 
surfaces  of  the  first  centrum,  or,  in  addition,  extend  on  to  the  basioccipital,  partially 
or  completely  obscuring  the  various  intervertebral  sutures.  A median  groove  for  the 
dorsal  aorta  is  generally  indicated,  but  rarely  {e.g.,  Pimelodus  sapo)  becomes  con- 
verted into  a complete  canal  for  any  portion  of  its  extent.  Asymmetrically  developed 
cardinal  grooves  are  almost  always  present,  but  in  one  or  two  instances  {e.g., 
CaUomystax)  are  absent.  Dorsal  laminae  and  radial  nodules  are  usually,  but  not 
invariably,  present ; exceptionally,  the  dorsal  laminae  have  no  connection  at  their 
inner  extremities  with  the  complex  centrum  {e.g.,  Clarias,  Glyptosternum),  and  when 
this  is  the  case  the  radial  nodules  may  be  absent  {e.g.,  Glyptosternum),  or  confluent 
with  the  inner  extremities  of  the  dorsal  laminae,  and  widely  separated  from  the 
complex  centrum  {e.g.,  Clarias). 

The  most  characteristic  of  the  various  skeletal  modifications  exhibited  by  this  group 
is  the  formation  of  more  or  less  complete  osseous  grooves,  recesses,  or  funnels  for  the 
partial  or  complete  enclosure  of  the  air-bladder.  Such  recesses  are  formed  by  the 
transverse  processes  of  the  fourth  vertebra,  either  singly  or  in  conjunction  with  those 
of  the  fifth  vertebra,  and  vary  greatly  in  depth,  and  in  the  extent  to  which  they 
are  surrounded  by  bone.  They  may  be  comparatively  shallow  and  widely  open  on 
the  ventral  surface  {e.g.,  Bagarius,  Ahysis,  Acrochordonichthys,  &c.) ; or  may  take 
the  form  of  deep,  transversely  dispo.sed  grooves,  contracted  distal ly,  but  somewhat 
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expanded  proximally  {c.g.,  Pimelodus  sapo,  P.  pulcher,  Eutropiichthys,  Schilhichthys, 
&c.) ; or  they  may  partake  of  the  nature  of  transversely-arranged  bony  cylinders  or 
funnels,  open  distally  in  the  dry  skeleton,  closed  in  the  fresh  specimen  by  the  lateral 
cutaneous  areas,  but  otherwise  with  more  or  less  complete  osseous  walls  {e.g.,  Clarias, 
Saccohranchus,  Callomystax,  Cetopsis,  &c.).  The  transverse  processes  of  the  fourth 
vertebra  always  form  the  dorsal  and  anterior  walls  of  the  recesses  and  sometimes,  in 
addition,  the  posterior  wall  also  ; rarely  do  they  alone  completely  enclose  tubular 
recesses  (Cetopsis)  : more  frequently  the  posterior  walls  are  formed  by  the  transverse 
processes  of  the  fifth  vertebra  (e.g.,  Callomystax,  Clarias,  &c.).  Exceptionally,  a 
slender,  lateral  bony  outgrowth  (ventral  process)  from  each  of  the  superficial  ossifica- 
tions investing  the  sides  of  the  complex  centrum  may  become  attached  to  the  ventral 
wall  of  the  corresponding  air-sac  (e.g.,  Bagarius  and  Glyptosternum),  or,  as  in  one  or 
two  instances  (e.g.,  Clarias),  the  outgrowths  may  be  strongly  developed,  and  form 
no  inconsiderable  portion  of  the  ventral  walls  of  the  two  osseous  funnels.  The  for- 
mation of  a horseshoe-shaped  recess  by  the  transverse  processes  of  the  fourth 
vertebra  in  conjunction  with  similar  but  more  extensive,  plate-like,  lateral  out- 
growths from  the  superficial  ossifications,  which  is  open  laterally  and  behind  in  the 
dry  skeleton,  occurs  in  one  genus  only  (e.g.,  Ailia).  When  not  completed  ventrally 
by  bone  the  recesses  are  usually  closed  by  a tough  fibrous  membrane  which  also 
invests  the  corresponding  walls  of  the  contained  air-sacs  (e.g.,  Bagarius,  Glypto- 
sternum, and  many  others).  This  membrane  we  regard  as  the  result  of  a special 
development  of  the  superficial  connective  tissue  which  in  all  normal  Siluridte  invests 
the  external  surface  of  the  air-bladder,  and  is  continuous  anteriorly  with  the  trans- 
verse membrane.  In  whatever  way  the  osseous  capsules  or  recesses  may  be  formed 
they  are  almost  always  closed  laterally  by  the  external  skin  (lateral  cutaneous  areas), 
never,  as  in  the  more  aberrant  Loricaroid  genera,  by  the  post-temporals. 

In  none  of  the  genera  examined  by  us  was  the  encapsulation  of  the  air-bladder  by 
bone  effected  wholly  or  in  part  by  the  actual  ossification  of  its  proper  wall,  or  tunica 
externa,  although  such  instances  do  occur  in  other  S.  abnormales  (e.g.,  Hypopliihalmus, 
and  probably  Acanthicus),  and  in  several  Cyprinidse  (e.g.,  Colitis).  In  Callomystax 
it  is  probable  that  the  ventral  walls  of  the  osseous  funnels  are  in  part  formed  by  the 
extension  of  ossification  from  the  decurved  anterior  margins  of  the  transverse  pro- 
cesses of  the  fourth  vertebra  into  the  fibrous  sheet  which  often  closes  the  ventral 
openings  of  the  recesses,  and  it  is  also  possible  that  in  many  other  S.  abnormales  the 
exceptional  width  and  downward  curvature  of  the  margins  of  these  processes  are  due 
to  the  same  cause.  The  lamellar  outgrowths  which  form  the  ventral  walls  of  the 
horseshoe-shaped  recesses  in  Ailia  are  also  probably  due  to  an  extension  of  ossifica- 
tion from  the  superficial  bony  deposit  on  the  surface  of  the  complex  centrum  into  the 
same  fibrous  membrane  ; and  a similar  origin  may  possibly  be  ascribed  to  the  ventral 
processes  of  Clarias,*  Glyptosternum,  and  BagaHus. 

As  a rule  the  post -temporal  retains  its  normal  relations  to  the  skull  and  to  the 

* See  also  Sorensen  (37). 
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transverse  process  of  the  fourth  vertebra.  The  anterior  wall  of  each  bony  recess  for 
the  air-bladder  articulates  at  its  distal  end  with  the  post-temporal  stem,  and  fre- 
quently also  along  its  anterior  face  with  the  inferior  limb  of  the  same  bone  {e.g., 
Glgptosternum)  ; sometimes  the  inferior  limb  is  extremely  slender  {e.g.,  Bagarius); 
exceptionally,  it  becomes  quite  rudimentary  and  loses  its  usual  articulation  with  the 
basi-occipital  {e.g.,  Clario.s). 

The  skull  presents  no  special  modifications  in  any  of  the  fifteen  genera  above  men- 
tioned. Whatever  changes  the  membranous  labyrinth  of  the  internal  ear  may 
undergo,  the  mode  of  formation  and  the  relations  of  the  cavum  sinus  imparis,  the 
atria  sinus  imparis,  and  the  recesses  for  the  sacculi  are  essentially  the  same  as  in  the 
Silurldse  normales. 

The  condition  of  the  air-bladder  in  this  group  is  singularly  varied,  and  in  pro- 
portion to  the  size  of  the  fish  is  always  small  and  often  diminutive.  Many  of  its 
more  characteristic  features  are  clearly  the  results  of  atrophy  and  degeneration. 
The  principal  modifications  appear  to  be  due  to  the  partial  or  complete  suppression  of 
the  lateral  chambers,  and  the  partial  or  complete  subdivision  of  the  anterior  chamber 
into  two  laterally  situated  cavities  or  air-sacs,  either  by  the  solidification  of  the 
mesial  portion  of  the  bladder,  or  by  more  or  less  complete  longitudinal  constriction. 
In  all  cases  the  atrophied  bladder  is  partially  or  completely  enclosed  within  bony 
recesses.  In  one  or  two  instances  {e.g.,  Schilbichthys,  and  probably  also  Eutropi- 
ichthys)  the  air-bladder,  although  solid  mesially,  nevertheless  retains  in  each  half 
traces  of  its  original  and  normal  division  into  anterior  and  lateral  compartments,  but 
the  extreme  thickness  of  its  walls,  and  the  small  size  of  its  internal  cavities,  afford 
sufficient  proof  of  its  degenerate  and  functionless  condition.  Solidification  of  the 
central  portion  of  the  bladder  in  one  instance  {e.g.,  Silondia)  has  reduced  the  cavity 
of  the  organ  to  the  condition  of  a circular  canal  surrounding  a massive  central 
pillar.  Two  species  furnish  examples  of  the  extreme  variability  to  which  degenerate 
structures  are  liable.  In  one  {Ailia)  the  air-bladder  assumes  the  shape  of  a cylin- 
drical horse- shoe,  and  is  almost  solid  through  the  development  of  internal  fibrous 
trabeculae,  except  at  its  hollow  forwardly-curved  cornua  ; in  the  other  {Pimelodus 
sapo)  the  organ  is  almost  solid  mesially,  or  at  all  events  its  original  cavity  is  oblite- 
rated by  the  growth  of  a dense  fibrous  netwoi'k,  and  of  its  two  pairs  of  forwardly 
directed  prolongations  one  only  is  hollow  and  receives  the  insertion  of  the  tripodes. 
In  another  instance  {Cryptopterus  micropus,  and  possibly  also  C.  hexapterus)  the  air- 
bladder  consists  of  two  partially  separated  lateral  halves,  but  its  degenerate  character 
is  betrayed  by  the  partial  obliteration  of  the  cavities  of  the  greatly  reduced  lateral 
compartments  by  a dense  network  of  fibrous  bundles.  Such  facts  suggest  that  the 
partial  obliteration  of  portions  of  the  internal  cavity  of  the  bladder,  and  more 
especially  the  lateral  chambers,  by  the  development  therein  of  anastomosing  fibrous 
trabeculae,  often  precedes  their  more  complete  su])pression.  But  despite  such  excep- 
tional variations  in  particular  species  or  genera,  the  more  frequent  condition  of  tlie 
Mucccxciii.— n.  2 K 
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air-bladder  in  this  group  is  in  the  form  of  two  simple,  pyriform  or  globose,  thin- 
walled,  laterally  placed  air-sacs,  which  are  either  distinct  or  connected  by  an  inter- 
mediate tubular  portion  {e.g.,  Glyptosternum,  Euclyptosternum,  Cetopsis,  Bagarius. 
Ahysis,  Acroclwrdonichthys,  Clarias,  Saccohranchus,  and  Pimelodus  pulcher). 

The  skeletal  attachments  of  the  air-bladder  to  rigid  portions  of  the  skeleton 
exhibit  as  a rule  much  the  same  extent  and  kind  of  variation  as  we  have  already 
described  in  the  case  of  the  anterior  chamber  of  the  more  normal  Siluroids.  In  such 
forms  as  possess  rudiments  of  lateral  chambers,  and  of  primary  transverse  and  longi- 
tudinal septa,  the  attachments  of  the  air-bladder  to  the  anterior  vertebrae  are 
perfectly  normal,  and  even  in  many  genera  where  those  structures  are  entirely 
wanting  the  skeletal  attachments  are  often  very  similar  to  those  of  the  normal 
Siluridae.  Thus  in  those  cases  in  which  the  bladder  is  represented  by  two  distinct  or 
mesially  intercommunicating  air-sacs,  the  dorsal  attachment  of  the  primary  transverse 
septum  in  the  normal  organ  is  represented  either  by  the  attachment  of  the  dorsal 
edge  of  the  median  portion  of  the  posterior  wall  to  the  ventral  surface  and  sides 
of  the  complex  centrum  {e.g.,  Pimelodus  pulcher),  or  by  a similar  attachment  of  the 
corresponding  margin  of  the  posterior  wall  of  each  lateral  air-sac  to  the  hinder 
margin  of  the  transverse  process  of  the  fourth  vertebra,  or  to  the  ventral  surface  of 
the  corresponding  process  of  the  fifth  vertebra  in  those  cases  in  which  the  latter 
process  participates  in  the  formation  of  the  osseous  recesses  {e.g.,  Bagarius,  Clarias, 
Glyptosternum,  &c.).  The  median  and  tubular  portion  of  the  air-bladder,  when 
present,  is  always  thin- walled,  and  its  firm  connection  with  the  ventral  surface  of  the 
complex  centrum  evidently  corresponds  to  the  skeletal  attachment  of  the  thin  medio- 
dorsal  portion  of  a normal  anterior  chamber  {e.g.,  Clarias).  The  same  remark  will 
apply  also  to  such  cases  in  which  the  median  portion  of  the  constricted  air-bladder  is 
represented  by  a band  of  fibrous  tissue,  without  any  lumen,  passing  from  one  air-sac 
to  the  other,  and  firmly  attached  to  the  ventral  surface  of  the  complex  centrum 
{e.g.,  Bagarius,  Glyptosternum,  and  others).  Whether  the  median  tubular  portion  of 
the  air-bladder  be  present  or  absent,  the  inner  portion  of  the  anterior  wall  of  each 
air-sac  is  almost  invariably  attached  to  the  contiguous  lateral  surfaces  of  the  complex 
centrum,  or  to  the  radial  nodule,  or  even  to  both,  after  the  fashion  of  the  anterior 
pillars  of  the  normal  bladder.  Occasionally  also,  as  in  such  normal  forms  as  Arius 
and  its  allies,  the  outer  stratum  of  the  anterior  wall  of  each  air-sac  may  be  dorsally 
connected  with  the  decurved  anterior  margin  of  the  transverse  process  of  the  fourth 
vertebra  {e.g.,  Bagarius,  Glyptosternum,  and  Akysis).  As  a rule,  however,  in  the 
limited  number  of  instances  where  the  air-bladder  is  almost  completely  surrounded 
by  its  osseous  capsules,  the  rigid  skeletal  attachments  of  the  former  are  not  so  obvious 
as  in  those  cases  in  which  the  bony  investment  is  but  partial  {e.g.,  Callomystax, 
Cetopsis,  &c.).  Broadly  speaking  it  may  be  affirmed  that  reduction  in  the  size  of  the  air- 
bladder,  and  its  structural  degeneration  in  other  respects,  do  not  to  any  great  extent 
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affect  its  normal  attachments  to  rigid  portions  of  the  axial, skeleton,  except  in  certain 
instances  where  encapsulation  by  bone  is  more  complete  than  is  usually  the  case. 

In  addition  to  considerable  variations  in  the  thickness  of  its  walls,  the  relations 
of  the  air-bladder  to  the  Weberian  ossicles  are  subject  to  important  variations  in 
different  genera  and  species. 

In  certain  genera  {c.g.,  Bagarius,  Glyptosternum,  Euclyj^tosterniim,  Ahjsis,  and 
Acrochordonichthys)  the  dorsal  wall  of  each  air-sac  has  so  far  degenerated  that  it  is 
extremely  improbable  that  the  few  scattered  fibres  that  alone  remain  can  exert 
any  influence  on  the  tripus  during  the  distension  or  contraction  of  the  bladder.  In 
most  of  the  remaining  genera,  however  much  they  may  be  modified  in  other  respects, 
the  walls  of  the  air-bladder  are  structurally  complete,  and  the  convergence  of  the  fibres 
forming  the  aiitero-lateral,  lateral  and  dorsal  walls  of  each  air-sac  to  their  insertion 
into  the  crescentic  process  of  the  tripus  takes  place  in  much  the  same  way  as  in  the 
normal  Siluridce.  There  would  seem,  however,  to  be  some  definite  relation  between 
the  extent  to  which  the  air-bladder  retains  its  structural  integrity,  and  its  apparently 
functional  connection  with  the  tripodes,  and  the  extent  to  which  it  is  encapsuled  by 
bone.  When  the  dorsal  walls  of  the  air-sacs  have  undergone  more  or  less  complete 
degeneration,  and  have  wholly  or  largely  lost  their  normal  attachments  to  the 
tripodes,  the  air-bladder  is  but  slightly  enclosed  within  comparatively  shallow 
recesses  or  grooves  on  the  ventral  surfaces  of  the  transverse  processes  of  the  fourth  and 
fifth  vertebrae.  The  partial  encapsulation  in  such  cases  maybe  simply  due  to  the  fact 
that  reduction  in  the  size  of  the  only  portion  of  the  air-bladder  that  persists,  viz.,  the 
anterior  chamber,  has  been  accompanied  by  a corresponding  contraction  and  curvature 
of  the  modified  transverse  processes,  which  are  normally  moulded  to  the  convexity  of 
its  anterior  and  dorsal  surfaces.  On  the  contrary,  in  nearly  all  cases  in  which  the  air- 
bladder  retains  much  of  its  structural  integrity,  and,  at  the  same  time,  its  anatomical 
connection  with  the  tripodes,  it  is  always  more  completely  encapsuled  by  bone  than 
when  the  contrary  is  the  case  {e.g.,  Callomystax,  Cetopsis,  and  Clarias).  In  such 
instances,  the  reduced  air-bladder  is  either  enclosed  within  deep  groove-like  recesses 
with  greatly  contracted  outer  or  distal  extremities,  or  within  tubular  or  funnel-like 
cavities  almost  completely  surrounded  by  bone,  and  the  encapsulation  always  seems  to 
be  more  complete  than  can  be  accounted  for  by  the  mere  contraction  of  the  associated 
skeletal  elements  round  an  atrophying  air-bladder. 

Notwithstanding  the  reduced  condition  of  the  air-bladder,  the  Weberian  ossicles 
almost  always  retain  their  normal  size  relatively  to  that  of  the  Fish,  but  the  compai-a- 
tively  slight  modifications  which  they  present  in  other  respects  are  invariably  in  the 
direction  of  degeneration.  Claustra  are  occasionally  absent,  and  even  when  present 
are  but  verv  feebly  developed  spicules  of  bone.  As  a rule,  the  scaphium  has  no 
ascending  process,  hut  only  .spatulate  and  condylar  processes.  The  intercalarium  may 
be  absent  {e.g.,  Clarias),  in  which  case  the  Interossicular  ligament  is  extremely  short, 
or  is  represented  by  a very  small  Ijony  nodule  in  the  usual  position  ; horizontal  and 


252 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDON 


ascending  processes  are  invariably  wanting.  As  regards  its  position,  the  relations  of 
the  crescentic  process  of  the  trIpus  to  each  lateral  air-sac  are  precisely  similar  to  those 
of  the  same  structure  in  each  half  of  the  anterior  chamber  In  a normal  Silm’oid,  but  in 
shape  It  is  variously  modified.  Very  rarely  does  it  retain  its  characteristic  sickle-like 
form,  more  frequently  it  is  nearly  straight,  with  a pointed  distal  extremity  {c.g-, 
Bagarius),  or  but  slightly  curved  {eg.,  Glyptosternum)  ; exceptionally  {e.g.,  Clarias), 
the  crescentic  process  is  curiously  angulated  and  heeled.  A ventral  ridge  is  rarely 
present — a fact  which  must  be  associated  with  the  general  thinness  of  the  walls  of  the 
air-bladder,  and  the  occasional  degeneration  of  those  fibres  which  normally  converge 
from  the  dorsal  wall  and  are  inserted  into  it.  The  articular  process  of  the  tripus  is 
usually  long  and  tapering,  with  a pointed  distal  extremity,  and  retains  its  usual 
relations  with  the  anterior  portion  of  the  complex  centrum.  The  anterior  process 
presents  no  special  characters.  Iladial  fibres  can  generally  be  detected,  but  in  some 
cases  are  less  obviously  specialized  than  in  others,  and,  where  radial  nodules  are 
absent,  pass  directly  from  the  lateral  surfaces  of  the  complex  centrum  to  the  inner 
or  faintly  concave  margins  of  the  crescentic  processes  of  the  tripodes.  On  the  other 
hand,  in  those  Siluroids  in  which  the  dorsal  wails  of  the  air-sacs  have  degenerated, 
radial  fibres,  if  present  at  all,  are  very  feebly  developed  {e.g.,  Bagarius,  &c.). 

Lateral  cutaneous  areas  are  almost  invariably  well  marked,  and,  as  a rule,  close  the 
distal  openings  of  the  osseous  recesses  in  which  the  air-bladder  is  lodged,  but  their 
relation  to  the  outer  walls  of  the  latter  vary  considerably.  In  some  forms  the  two 
structures  are  in  close  contact  {e.g.,  Clarias,  Calloniystax),  but  more  frequently  they 
are  separated  by  a considerable  interval,  which  is  usually  occupied  by  the  lateral  lobes 
of  the  liver,  or  even,  in  addition,  by  the  mesonephros  or  its  anterior  lymphoid  portion 
— the  head-kidney.” 

A ductus  pneumaticus  may  be  present  or  absent.  It  is  usually  present  when  the 
laterally-situated  air-sacs  are  connected  by  an  intermediate  tubular  portion  {e.g., 
Ckaias,  Saccohranchus,  and  others),  but  it  is  absent  when  the  two  sacs  are  com- 
pletely separated  or  connected  only  by  a solid  fibrous  band  {e.g.,  Bagaruis  and 
Glyptosternum).  Larely  is  it  represented  by  a solid  fibrous  cord. 

Our  investigations  into  the  structure  of  the  auditory  organ  in  this  section  of  the 
family  are  not  so  complete  as  we  could  desire,  and  our  regret  is  the  greater  because  it 
would  have  been  extremely  interesting  to  ascertain  how  far  the  atrophy  and  degene- 
ration of  the  air-bladder  is  correlated  with  similar  retrogressive  changes  in  those 
portions  of  the  membranous  labyrinth  which  are  functionally  related  in  the  Weberian 
mechanism.  That  our  specimens  were  not  sufficiently  well  preserved  to  admit  of 
accurate  research  on  this  point,  is  due  to  the  fact  that  many  of  them  had  been 
])reserved  for  some  considerable  time  without  being  previously  opened  to  secure  the 
proper  permeation  of  the  specimens  by  the  preservative  fluids.  In  some  genera  {e.g., 
Bagarius,  Glyptosternum,  Euclyptosternum,  Acrochordonichthys,  and  Ahjsis)  we 
entertain  but  little  doubt  that  degeneration  of  the  air-bladder  is  accompanied  by 
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corresponding  retrogressive  changes  in  the  auditory  organ,  to  the  extent  at  least  of 
the  atrophy  of  tiie  sinus  endolymphaticus,  although  the  ductus  endolymphaticus  still 
persists  as  a channel  of  communication  between  the  two  sacculi.  We  are  also  of 
opinion  that  the  sinus  is  similarly  wanting  in  other  Siluridae  ahnormales — as,  for 
example,  in  Pinielodus  sapo  ; but,  for  reasons  already  stated,  we  hesitate  to  speak 
decisively  in  this  as  well  as  in  some  other  instances  about  which  we  entertain  a similar 
belief.  On  the  other  hand,  there  are  several  genera  of  which  we  entertain  no  doubt 
as  to  the  presence  of  a sinus  endolymphaticus,  but  in  which  the  membranous  labyrinth 
appears  to  be  in  every  respect  essentially  similar  to  that  of  the  more  normal  Siluridm 
{e.g.,  Clarias,  Saccohranchuft,  Pimelodus  p>ulcher,  &c.).  It  may  be  affirmed,  there- 
fore, that,  while  in  some  instances  the  membranous  labyrinth  would  seem  to  have 
retained  its  normal  structure,  there  are  certainly  other  cases  in  which  degeneration  of 
the  air-bladder  has  been  accompanied  by  a corresponding  simplification  of  those 
portions  of  the  internal  ear  which  are  normally  brought  into  physiological  relation 
with  it  through  the  medium  of  the  Weberian  ossicles. 

O 

In  addition  to  the  Siluridae  abnormales  already  mentioned  as  forming  the  special 
subjects  of  our  investigations,  there  are  several  other  genera  which,  on  the  authority 
of  various  writers,  must  be  referred  to  the  same  series. 

Thus,  on  the  authority  of  Day  (9),  the  Indian  genera  Sisor,  Amhhjceps,  Pseude- 
cheneis,  and  Exostoma  are  Siluroids  in  which  the  air-bladder  is  diminutive  and 
bone-encapsuled — a conclusion  which  is  in  harmony  with  their  hilly  habitat  and  Loach- 
like form. 

Johannes  Muller’s  references  {loc.  cit.)  to  the  air-bladder  of  the  South  American 
Siluroid  Ageniosus  militaris,  and  of  Heterohranchus,  warrant  a similar  conclusion 
with  regard  to  these  genera. 

On  the  authority  of  Reissner  {loc.  cit.),  the  following  genera  belonging  to  Gunther’s 
group  Hypostomatina,  viz.,  Loricaria,  Plecostomus,  Calliclithys,  and  Acanthicus,  must 
also  be  regarded  as  S.  abnormales,  and,  as  the  genera  Arges  and  Brontes  are  but 
the  naked  allies  of  these  cuirassed  LojTcaroid  forms,  it  is  extremely  probable  that  they 
must  also  be  added. 

According  to  Sagemehl  {loc.  cit.)  the  Hypostomatous  genus  Trichomyctcrus  also 
possesses  a diminutive  air-bladder  encapsuled  by  bone,  and  as  Bremophiliis  is  a near 
ally  it  may  be  conjectured  that  its  air-bladder  is  in  a similar  condition. 

Finally,  it  has  been  proved  by  Ramsay  Wright  (44)  that  in  Ilypophthahnus  the 
air-bladder  is  degenerate  and  bone-encapsuled. 

It  follows,  therefore,  that  in  addition  to  the  thirteen  genera  which  we  have  been 
able  to  revise,  there  must  also  be  Included  twelve  others,  and  with  some  probability 
the  three  genera,  Arges,  Brontes,  and  Ereinophilns.  So  that  of  the  1 10  genera 
enumerated  in  the  British  Museum  catalogue  of  the  family,  certainly  twenty-five,  and 
probably  twenty-eight,  are  referable  to  the  S.  abnormales.  In  these  totals  we  have 
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not  included  the  genera  Pirnelodus  and  Cryptopterus  in  which  only  two  or  three 
species  are  at  present  known  to  possess  degenerate  air-bladders. 

In  certain  of  the  preceding  genera  the  condition  and  relations  of  the  air-bladder, 
and  tlie  character  of  the  correlated  skeletal  modifications,  are  sufficiently  well  known 
to  admit  of  comparison  with  those  dissected  by  us.  Such  a comparison  clearly  proves 
that  many  of  the  former  exhibit  structural  modifications  of  an  extremely  interesting 
character.  On  the  other  hand  there  are  others  of  which  scarcely  anything  is  known 
beyond  the  bare  fact  that  the  bladder  is  more  or  less  rudimentary  and  encapsuled  by 
bone,  and  no  data  are  available  for  comparison  with  other  and  better  known  types. 

Of  the  Hypostomatinse  about  which  any  reliable  evidence  exists  as  to  the  structure 
and  relations  of  the  air-bladder  and  Weberian  mechanism,  we  may  first  of  all  refer 
to  a series  of  genera  which  in  future  we  shall  term  the  Loricaroid  types  ; under  this 
head  we  include  Loricaria,  Plecostomvs,  and  Callichthys.  There  are  certain  points  with 
regard  to  these  types  which  are  still  obscure,  and  more  particularly  the  structure  of 
that  portion  of  the  internal  ear  which  is  specially  related  to  the  Weberian  medianism, 
but  certain  fiicts  may,  nevertheless,  be  mentioned  as  affording  a basis  for  comparison, 
on  the  one  hand,  with  such  S.  abnormales  as  we  have  been  able  to  examine,  and  on 
the  other,  with  such  extremely  modified  forms  as  Acanthicus  and  Ilyjyophthalmiis. 

From  Reissner’s  observations  on  Loricaria,  Plecostonius,  and  Callichthys,  and 
from  certain  facts  which  our  own  investigations  have  enabled  us  to  add,  it  may  be 
inferred  that  in  all  these  types  an  air-bladder  is  present  in  the  form  of  two  laterally 
situated  sacs  with  structurally  complete,  but  extremely  thin  walls,  and  connected  by 
an  intermediate  narrow  tubular  portion,  supported  in  Callichthys  and  Plecostomus,  and 
possibly  in  Loricaria  also,  by  an  arch-shaped  spicule  of  bone,  similar  to  what  Reissner 
has  termed  the  “ processus  bijugus  ” in  Acanthicus.  So  far  as  Plecostomus  is  concerned 
we  could  detect  no  trace  of  a ductus  pneumaticus,  and  of  the  remaining  genera  our 
limited  material  was  too  badly  preserved  to  admit  of  the  point  being  determined. 
The  air-sacs  are  completely  enclosed  within  osseous  capsules  formed  by  the  so-called 
dorsal  and  ventral  laminm  of  the  transverse  processes  of  the  fourth  vertebra, 
precisely  as  described  by  Ramsay  Wright  in  the  case  of  Hypophthalmus,  and  the 
lateral  or  distal  apertures  of  the  two  capsules  are  almost  completely  closed  by  the 
post-temporals.  All  the  anterior  vertebrae  in  front  of  the  fifth,  with,  perhaps,  the 
exception  of  the  centrum  of  the  first  which  may  be  absent,  are  indistinguishably 
anchylosed  into  a “complex”  vertebra,"^  which  in  turn  is  firmly  attached,  if  not 
actually  anchylosed,  to  the  posterior  face  of  the  skull.  From  the  mode  of  articu- 
lation of  the  complex  centrum  with  the  basioccipital,  it  may  be  concluded,  that, 
with  the  possible  exception  of  Callichthys,  nothing  comparable  to  the  singular  for- 
ward dislocation  of  the  coalesced  anterior  vertebrae,  which  is  so  characteristic  of 
Hypophthalmus,  has  taken  place  in  these  Siluroids.  But  little  is  certainly  known  as 
to  the  structure  of  the  auditory  organ,  but  it  is  clear  that  the  two  sacculi  are  closely 
* From  Soulnsen’s  account  (37)  of  riecuslumus,  it  is  jwssiblc  that  even  the  tifth  vertebra  maybe  included. 
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apposed  in  the  median  line,  and  occupy  two  shallow  depressions,  separated  by  a faint 
median  ridge,  on  the  cranial  surface  of  the  basioccipital.  The  sacculi  may  have  a 
fibrous  investment  dorsally,  but  it  is  certain  that  they  are  not  roofed  over  by  hori- 
zontal ingrowths  from  the  exoccipitals  as  is  the  case  with  all  the  other  S.  abnormales 
that  we  dissected.  It  is  also  due  to  the  absence  of  such  ingrowths  that,  with  the  possible 
exception  of  Callichthys,  the  walls  of  the  cavum  sinus  imparis  are  everywhere  fibrous, 
except  where  it  rests  on  the  dorsal  surface  of  the  basioccipital.  Whether  a sinus 
endolymphaticus  is  present  or  absent  has  not  yet  been  determined,  but  its  presence  in 
Acanthicus  suggests  that  it  may  also  be  present  here.  The  Weberian  ossicles  are 
very  similar  to  those  of  other  Siluridee  abnormales.  The  scaphium  is  a small 
concavo-convex  ossicle  without  ascending  or  condylar  processes,  and  lies  altogether 
within  the  neural  canal.  The  intercalarium  is  absent.  The  tripus  has  but  a slightly 
curved  crescentic  process  for  insertion  into  the  wall  of  the  corresponding  air-sac.  No 
mention  of  claustra  is  made  by  Reissnek,  nor  could  we  detect  any  trace  of  these  ossicles. 

From  this  brief  summary  it  is  obvious  that  the  Loricaroid  types  are  in  many  respects 
widely  different  from  those  S.  abnormales  that  came  more  directly  under  our  notice, 
and  exhibit  a combination  of  characters  in  common  which  no  doubt  represents  a 
further  and  more  extreme  modification  of  the  type  of  structure  exhibited  by  the 
latter.  From  this  point  of  view  the  most  important  of  the  Loricaroid  features  are, 
( 1 .)  the  absence  of  a distinct  separable  centrum  to  the  first  vertebra.  In  all  other 
Ostariophyseee  this  centrum  can  be  readily  recognized,  although  in  the  Siluridse  it  may 
be  much  smaller  than  any  of  the  adjacent  normal  centra  ; but  in  the  Loricaroid  genera 
it  has  either  undergone  complete  suppression,  or  has  fused  behind  with  the  complex 
vertebra.  (2.)  The  mode  of  formation  of  the  osseous  capsules  for  the  air-bladder 
by  what  have  hitherto  been  described  as  the  dorsal  and  ventral  laminm  of  the  trans- 
verse processes  of  the  fourth  vertebra,  and  by  the  bones  forming  the  posterior  face  of 
the  skull.  It  is  by  no  means  improbable  that  this  method  is  partly  the  direct  result 
of  the  reduction  in  size  and  conci’escence  of  the  anterior  vertebrae,  and  the  close 
relation  of  the  modified  transverse  processes  to  the  skull  which  is  thus  brought  about, 
and  partly  to  the  further  extension  of  a modification  already  indicated  in  other  and 
less  aberrant  Siluridee.  The  so-called  “dorsal  lamina”  of  the  modified  transverse 
processes  in  the  Loricaroid  forms,  is  clearly  the  equivalent  of  the  entire  process  in  a 
normal  Siluroid,  and  like  the  latter  has  its  origin  from  the  neural  arch  of  its  vertebra. 
The  dowmgrowth  of  the  lamina  to  buttress  the  front  w’all  of  the  air-bladder  as  in 
other  abnormal  Siluridse  is  here  unnecessaiy,  inasmuch  as  the  close  relation  of  the 
bladder  to  the  posterior  face  of  the  skull  enabled  the  latter  to  be  utilized  in  forming 
the  anterior  wall  of  the  investing  bony  capsule.  The  so-called  ventral  lamina  is 
probably  to  be  regarded  not  as  a portion  of  the  transverse  process  as  described  by 
Ramsay  Wright,  but  rather  as  a further  development  of  the  peculiar  outgrowth 
from  the  superficial  ossification  investing  the  lateral  surfaces  of  the  complex  centrum, 
which,  as  a rudiment,  is  apparent  in  Glyj)tostcrnum  and  Bayarius,  but  is  more 
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extensively  developed  in  Clarias  and  AiUa.  A special  development  of  this  process 
(“ventral  process”)  and  the  union  of  its  posterior  margin  with  the  corresponding 
edge  of  the  modified  transverse  process,  while  the  anterior  margins  of  both  remain 
distinct  from  each  other  but  blend  with  the  posterior  face  of  the  skull,  would 
eventually  lead  to  the  enclosure  of  the  air-bladder  within  bony  capsules  exactly 
similar  to  those  of  the  Loricaroid  SiluridmP''  This  explanation  renders  necessary  the 
assumption  that  the  modified  transverse  processes  of  the  fourth  vertebra  have  each  a 
double  origin  from  the  vertebra  in  these  Siluroids,  and,  moreover,  explains  the  forma- 
tion of  their  osseous  capsules  as  being  due  to  the  further  extension  of  a modification 
already  initiated  in  other  and  less  aberrant  S.  abnormales.  (3.)  The  imperfect  closure 
of  the  saccular  recesses  and  the  cavum  sinus  irnparis  by  bone.  The  deficiencies  of 
the  Loricaroid  forms  in  this  respect  must  be  regarded  as  due  to  the  atrophy  of  the 
horizontal  plates  of  the  exoccipitals  by  whicli  these  cavities  are  usually  roofed.  A 
transitional  stage  in  this  process  is  apparently  represented  in  Ilijpophthahnus. 
(4.)  The  suppression  of  the  intercalaria  and  claustra.  Although  a constant  character 
in  those  Loricaroid  forms  that  liave  yet  been  examined,  the  absence  of  one,  or  even 
both,  of  these  elements  is  not  unknown  in  the  less  abnormal  members  of  this  section 
of  the  family. 

The  Hypostomatous  genus  Acanthicus,  while  in  some  respects  resembling  Loricaria 
and  its  allies,  in  others  exhibits  certain  characteristic  features  of  its  own.  In  common 
with  the  preceding  forms,  the  air-bladder  is  longitudinally  constricted  into  two  laterally 
situated  oval  sacs  with  structurally  continuous  walls,  and  connected  by  an  intermediate 
tubular  portion  which,  as  in  several  of  the  Loricaroid  genera,  is  supported  by  a 
“processus  bijugus.”  The  presence  of  a ductus  pneumaticus  is  uncertain.  Eacli 
air  sac  is  completely  enclosed  within  an  osseous  capsule  of  corresponding  shape, 
and,  for  a part  of  its  extent,  is  situated  dorsad  to  the  first  pair  of  ribs.  What  share 
the  modified  transverse  processes  take  in  the  enclosure  of  the  air-sacs  is  not  clear 
from  Reissxer’s  account,  but  the  shape  and  smooth  rounded  contour  of  the  capsules 
certainly  suggest  that  they  are  mainly,  if  not  exclusively,  formed  by  the  ossification 
of  the  outer  stratum  of  the  tunica  externa  of  the  air-bladder  itself,  and  that,  unlike 
LoricaHa,  Callichthys,  &c.,  and  Ilypophthalmus  the  transverse  processes  ca,n  have 
but  little  share  in  their  formation — a conclusion  which  receives  some  additional 
support  from  the  fact  that  the  bladder  is  everywhere  in  close  contact  with  its  bony 
investment,  and  connected  therewith  by  fibres  passing  from  one  to  the  other. 
IIeissner  seems  to  compare  the  “ processus  auricularis  ” with  the  distal  extremity 
of  a modified  transverse  process,  which  in  Acanthicus,  as  in  the  Cyprinoid  Cohitis 
fossilis,  is  perforated  by  certain  apertures  through  which  the  external  skin  is  pro- 
longed inwards  and  attached  to  the  outer  walls  of  the  air-bladder ; but  it  may  also  be 
the  case  that  the  “ processus  auricularis  ” is  really  the  post-temporal,  which  here,  as 
in  the  Loricaroid  types,  closes  what,  in  the  dry  skeleton,  would  otherwise  be  an 

* See  also  Sorensen’s  account  of  Tlccostomns  (37). 
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aperture  leading  into  the  corresponding  osseous  capsule.  It  is  difficult  to  judge  from 
Reissner’s  description  how  far  coalescence  has  affected  the  anterior  vertebrae,  and 
whether  any  forward  dislocation  has  taken  place.  His  “ first  ” vertebra,  as  we  have 
pointed  out  (p.  178),  is  probably  a “complex,”  which  may  include  the  first  to  the 
fifth  vertebrae,  inclusive,  bnt  there  is  also  the  alternative  that  the  vertebra  has  the 
same  value  as  an  ordinary  “complex”  in  most  other  Siluridae,  although  the  possibility 
that  the  centrum  of  the  first  vertebra  may  also  be  included  in  it  cannot  altogether 
be  left  out  of  sight.  We  are  of  opinion  that  Reissner’s  “first”  vertebra  will  ulti- 
mately be  found  to  possess  the  same  significance  as  in  Loricaria  and  its  allies,  but  a 
careful  re-examination  of  this  curious  Siluroid  is  necessary  before  perfectly  trustworthy 
conclusions  can  be  arrived  at.  The  cavum  sinus  imparis,  the  atrial  cavities,  and  the 
sinus  endolymphaticus  are  apparently  normal  so  far  as  their  mutual  relations  are 
concerned,  and  lie  on  the  upper  surfaces  of  the  basioccipital  and  the  anterior  portion 
of  the  “ first  ” vertebra.  The  relations  of  the  scaphia  to  the  lateral  walls  of  the  two 
atria  would  also  seem  to  be  normal.  The  dorsal  wall  of  the  cavum  sinus  imparis, 
however,  must  be  fibrous,  or  at  all  events  the  cavum  is  not  roofed  in  by  horizontal 
plates  from  the  exoccipitals ; and  in  the  fact  that  the  sacculi  occupy  mere  depressions 
in  the  cranial  surface  of  the  basioccipital,  and  are  not  surrounded  by  almost  complete 
osseous  capsules,  Acanthicus  also  differs  from  Ilypophthalmus  and  most  other  abnormal 
Siluridae,  and  resembles  the  Loricaroid  types.  The  relative  positions  of  the  sacculi, 
the  cavum  sinus  imparis,  the  sinus  endolymphaticus,  and  the  atrial  cavities  almost 
negative  the  possibility  of  any  forward  dislocation  of  the  anterior  vertebrae  into  the 
cranial  cavity  having  taken  place.  Claustra  and  iutercalaria  are  probably  absent, 
or  at  all  events  are  neither  figured  nor  mentioned  by  Reissner.  The  scaphimn,  as 
in  some  other  S,  abnormales  and  in  the  Loricaroid  genera,  has  neither  condylar  nor 
ascending  processes,  and,  as  is  the  case  with  the  great  majority  of  the  abnormal  types, 
the  tripus  has  a straight  or  but  very  slightly  curved  “crescentic”  process. 

From  this  summary  of  the  more  salient  features  in  the  structure  of  its  air-bladder 
and  Weberian  mechanism,  it  is  clear  that  as  regards  the  condition  and  mutual 
relations  of  the  cavum  sinus  imparis,  the  atrial  cavities,  and  the  saccular  recesses, 
the  existence  of  a “processus  bijugus,”  and  possibly  also  in  the  relations  of  the 
anterior  vertebrae  to  the  skull,  Acanthicus  closely  resembles  the  “Loricaroid 
genera  and  differs  from  Ihjpophthulmus.  In  the  mode  of  formation  of  the  osseous 
capsules  for  the  air-sacs,  however,  Acanthicus,  while  peculiar  among  the  Siluridae, 
distinctly  resembles,  as  Reissner  suggests,  the  Cyprinoid  Colitis  fossilis.  On  the 
other  hand,  the  peculiar  position  of  the  posterior  halves  of  tlie  two  air-sacs  and 
their  bony  capsules,  dorsad  to  the  first  pair  of  ribs  in  Acanthicus,  has  no  parallel 
in  any  known  Ostariophyseae. 

The  last  of  these  extremely  aberrant  Siluroids,  IJypophthalmus,  exhibits  an  extreme 
type  of  modification,  of  which  the  most  noteworthy  features  are  the  complete  fusion  of 
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the  first  four  vertebrfe  with  one  another  and  their  partial  coalescence  with  the  fifth, 
and  the  telescoping  of  the  three  anterior  vertebrae  and  the  associated  portions  of  the 
Weberian  mechanism  through  the  foramen  magnum  on  to  the  upper  surface  of  the 
basioccipital,  so  that  all  these  structures  lie  wholly  within  the  cranial  cavity  and 
dorsad  to  the  osseous  recesses  for  the  sacculi  which  here,  as  in  the  normal  Siluridae, 
are  j'oofed  over  by  horizontal  plates  developed  from  the  exoccipitals.  With  such 
singular  modifications  must  also  be  mentioned  the  almost  complete  anchylosis  of  the 
conjoined  and  dislocated  anterior  vertebrae  with  the  occipital  portion  of  the  skull,  and 
the  enclosure  of  the  two  completely  separated  air-sacs  into  which  the  air-bladder  is 
divided  within  recesses  formed  by  the  so-called  dorsal  and  ventral  laminae  of  the 
modified  transverse  processes  above,  behind,  and  below,  and  by  the  posterior  face  of 
the  skull  in  front,  while  the  lateral  or  distal  apertures  of  the  recesses  are  closed  by 
the  lateral  cutaneous  areas  only,  the  post-temporals  merely  forming  their  anterior  and 
ventral  lips.  The  absence  of  a sinus  endolymphaticus,  although  the  ductus  endolym- 
phaticus  still  remains,  the  partially  fibrous  condition  of  the  roof  of  the  cavum  sinus 
imparis,  and  the  fact  that,  as  a consequence  of  the  forward  dislocation  of  the  anterior 
vertebrm,  the  scaphia  form  the  side  walls  of  the  cavum  sinus  imparis  instead  of  those 
of  the  atrial  cavities,  are  also  noteworthy  features.  Finally,  may  be  mentioned  the 
absence  of  a ductus  pneumaticus,  the  partial  ossification  of  the  tunica  externa  of  the 
inner  half  of  each  air-sac,  and  the  fusion  of  the  osseous  cups  so  formed  with  the  side 
walls  of  the  neural  canal  in  this  region,  and  the  presence  of  intercalaria  and  rudi- 
mentary claustra,  in  addition  to  a concavo-convex  scaphium  without  condylar  or 
ascending  processes. 

The  condition  of  the  air-bladder,  Weberian  mechanism  and  the  associated  skeletal 
structures  in  II ypophthahnus  are  such  as  to  justify  the  conclusion  that  in  this  genus 
the  structures  in  question,  while  in  some  respects  more  normal  than  in  any  of 
the  Hypostomatin£E  at  present  examined,  in  others  reach  their  extreme  of  retro- 
gre.ssive  modification.  In  the  relations  of  the  post-temporals  to  the  skull,  to  the 
pectoral  girdle,  and  to  the  modified  transverse  processes,  as  well  as  in  the  fact  that 
they  do  not  close  the  external  apertures  of  the  osseous  recesses  for  the  air-sacs, 
llypophthalnius  closely  resembles  the  less  modified  Siluridse  abnormales.  A further 
resemblance  to  the  latter  is  also  shown  by  the  enclosure  of  the  two  sacculi  within 
bony  recesses  formed  by  the  basioccipital  and  by  horizontal  plates  derived  from  the 
exoccipitals,  the  partial  roofing  in  by  bone  of  the  cavum  sinus  imparis,  and  the 
presence  of  intercalaria  and  claustra.  The  complete  separation  of  the  two  air-sacs, 
the  atrophy  of  the  ductus  pneumaticus,  and  the  pos,pible  suppression  of  the  sinus 
endolymphaticus,  may  also  be  paralleled  by  similar  retrogressive  modifications  in 
such  otherwise  less  abnormal  genera  as  Bagarius,  Glyptosternum,  &c.  The  mode 
of  formation  of  the  osseous  capsules  for  the  air-sacs  is  almost  identical  with  the 
means  employed  for  the  same  object  in  the  Loricaroid  genera.  On  the  contrary,  in 
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the  remarkable  structural  modifications  involved  in  the  forward  dislocation  of  the 
anterior  vertebi’m  and  the  associated  portions  of  the  Weberian  mechanism  into  the 
cranial  cavity,  and  in  the  combination  of  a partially  ossified  air-bladder  with  external 
osseous  capsules,  Hypophfhahnus  is  unique  among  all  S.  ahnormales  which  have  so 
far  been  described,  and  represents  the  extreme  of  a series  of  modifications  of  which 
Loricaria  and  its  allies  exhibit  the  initial  stages.”' 

From  the  facts  above-mentioned  it  may  be  concluded  : (1)  That  the  Hypostoma- 
tinm  and  Hypophthahninfe  exhibit  the  most  extreme  modifications  which  the  air- 
bladder,  Weberian  mechanism  and  the  correlated  skeletal  elements  undergo  in  the 
Siluridse.  (2)  That  the  modifications  in  question  have  to  some  extent  taken  place 
in  the  same  direction,  so  that  the  two  groups  possess  certain  features  in  common,  and, 
notably,  the  firm  sutural  union,  or  even  partial  anchylosis  of  the  anterior  vertebrae 
with  the  skull,  and  also,  with  one  exception  [Acantliiciis)^  in  the  mode  in  which  the 
osseous  capsules  for  the  air-bladder  are  formed ; in  the  partial  or  complete  atrophy 
of  the  bony  roof  of  the  cavum  sinus  imparls ; and  in  certain  other  features  which 
the  two  groups  share  with  the  less  aberrant  Siluridae  abnormales.  (3)  That  the 
exceptional  features  so  characteristic  of  certain  genera,  viz.,  the  formation  of  complete 
bony  capsules  for  the  air-bladder  by  the  actual  ossification  of  its  own  walls  in 
Acanthiciis,  and  the  peculiar  relation  of  both  to  the  first  pair  of  ribs  ; and  the  singular 
dislocation  of  the  anterior  vertebrae  in  IIypop)litliahniis,  are  sufficient  to  prove  that 
very  striking  variations  may  occur  within  the  limits  of  the  two  groups. 

A careful  investigation  of  the  remaining  genera  of  the  Hypostomatinae  may  bring 
to  light  other  forms,  some  of  which  may  prove  to  be  even  more,  and  others  less, 
aberrant  than  those  already  known. 

We  have  had  no  opportunity  of  dissecting  the  Indian  genera,  Sisor,  Exostoma,  and 
Pseudecheneis,  which  are  the  only  Hypostomatinae  that  are  not  restricted  to  South 
America.  Som.e  doubt  has  been  thrown  on  the  coiTectness  of  their  presumed  relation- 
ship to  this  group,  but  the  mode  of  formation  of  the  osseous  capsules  for  the  air- 
bladder,  and  the  extent  of  coalescence  among  the  anterior  vertebrae,  should  furnish 
decisive  evidence  on  this  point.  It  is  unfortunate,  therefore,  that  the  only  evidence 
available  through  Day’s  descriptions  is  confined  to  the  bare  fact  that  the  air-bladder 
consists  of  two  lateral  sacs  enclosed  within  bony  capsules,  no  information  being 
given  about  the  special  features  so  necessary  for  comparison  with  undoubted 
Hypostomatinae. 

The  singular  air-bladder  of  Ageniosus  militaris  (Muller,  loc.  cit.)  bears  a remark- 
able resemblance  to  that  of  such  Cyprlnidae  as  Cohitis  and  Botia.  Not  only  is  the 

* As  Ramsay  Wright  (44)  points  out,  Uypophthalmns  occupies  a somcwliat  isolated  position  ainoiif^ 
Siluroids.  GtxTHER  (15)  forms  for  the  genus  a distinct  sub-familj.  Cope  (7)  regards  the  genus  as 
the  type  of  one  of  the  three  families  into  wliich  he  divides  tlie  Xematognatlii  (=  Siluridai)  ; and, 
finally,  Gill  (13)  reserves  for  it  one  of  his  eleven  families  of  Xematognatlii. 
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organ  encapsuled  by  bone,  but  the  capsules  are  perforated  posteriorly  for  the  passage 
of  two  cascal  diverticula. 

The  Homology  of  the  Weherian  Ossieles. 

Excej^t  with  regard  to  the  intercalarium,  our  investigations  throw  no  additional 
light  on  the  nature  of  the  Weberian  ossicles,  and  that  this  is  the  case  is  mainly  due 
to  the  highly  sj)ecialized  character  of  this  mechanism  in  tlie  Siluridm.  As  far  as  this 
family  is  concerned  comparative  anatomy  is  of  but  little  use  in  the  discussion  of  this 
question,  and  embryology  is  the  only  line  of  investigation  which  offers  any  prospect 
of  a satisfactory  and  final  solution  of  the  problem.  The  views  of  different  investi- 
gators on  this  point  are  maiidy  based  on  a comparative  examination  of  the  condition 
and  relations  of  the  ossicles  in  the  less  highly  specialized  Ostariophyseae,  and  piunci- 
pally  in  the  Cyprinidae.  The  conclusions  of  E-amsay  Weight  and  Grassi,  however, 
rest  on  the  development  of  these  structures  in  Amiurus  caius  (Siluridae)  and  the  Carp 
(Cypiinidae)  respectively.  The  different  views  may  be  brieffy  stated  in  the  following- 
table  : — 


1 

Cliiustrum. 

Sca2)liium. 

Intercalarium. 

Tripus. 

Baudelot  (1868)  . . . 

Neural  spine,  or 
divided  intei-- 

crural  bone  of 

Neural  arch  of  r.^ 

Neural  arch  of  v.~ 

Transverse  pro- 
cess or  rib  of 

V? 

Nusbaum  (1881)  . . . 

Neui-al  spine  of 

M n 

5)  55 

Rib  of  V? 

Gr.assi  (1882)  .... 

Part  of  the  skull  . 

})  n 

55  55 

Ti'ansverse  pro- 
cess of  V? 

Ramsav  tYRiGHT  (1884). 

Nem-al  spine  of 

5 5 5 5 

55  55 

Sagemehl  (1885)  . . . 

Part  of  the  occipital 
segment  of  the 
skull 

51  J5 

Rib  of  V.-  . 

Rib  of  V? 

Sorensen  (1890)  . . . 

Neural  spine  of  v.^ 

1)  55 

Neural  arch  of  v.~ 

55 

(t’.h  r.“,  = the  first,  second,  and  third  vertebrae.) 


The  identification  of  the  intercalarium  as  the  neural  arch  of  the  second  vertebra 
rests  mainly  on  its  condition  and  relations  in  certain  Cyprinidae.  In  Cypriims  the 
ossicle  consists  of  an  articular  process  which  rests  on  the  body  of  the  second  vertebra, 
of  an  ascending  process  which  forms  part  of  the  wall  of  the  neural  canal,  and  a 
horizontal  process  terminating  distally  in  the  interossicular  ligament.  In  the  light 
of  such  facts  the  nature  of  the  intercalarium  presents  no  special  difficulty.  With  tlie 
Silurldoe,  however,  it  is  otherwise.  In  all  previously  investigated  species  the  inter- 
calarium is  represented  by  a variously  shaped  nodule  of  bone  imbedded  in  the  inter- 
ossicular  ligament,  and  has  no  connection  with  the  walls  of  the  neural  canal,  or  with 
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any  vertebral  centrum.  On  this  point,  Ramsay  Wright  (44)  remarks,  “ the 
Siluroids  do  not  afford  the  necessary  material  for  determining  the  homology  of  the 
incus*  on  account  of  its  reduced  condition”  (p.  109).  The  condition  of  the  ossicle  in 
at  least  some  Characinidse  is  essentially  similar,  and  this  led  Sagemehl  (33)  to  regfard 
it  as  a free  metamorphosed  rib  belonging  to  the  second  vertebra.  We  are  able  to 
show,  however,  that  the  Siluridae  do  afford  the  necessary  evidence  for  determining  the 
nature  of  the  ossicle.  Our  discovery  of  an  iniercalariuin  in  the  Siluroids  Macroncs, 
Liocassis,  Pseudohagrus,  &c,,  which  has  an  ascending  process  forming  part  of  the  wall 
of  the  neural  canal,  and  a horizontal  process  which  terminates  distally  in  a nodule 
imbedded  in  the  interossicular  ligament,  at  once  brings  the  Siluridm  into  conformity 
with  the  Cyprinidse,  and  establishes  the  identity  of  the  ossicle  in  the  former  family. 
The  correctness  of  this  conclusion  is  confirmed  by  the  fact  that  the  ascending  process 
of  the  ossicle  in  these  Siluroids  is  situated  between  the  paired  foramina  for  the  exit  of 
the  roots  of  the  second  and  third  spinal  nerves  from  the  neural  canal.  The  condition 
of  the  ossicle,  in  the  majority  of  Siluroids,  is  clearly  due  to  degeneration  from  its  more 
primitive  condition  in  Macrones ; and  from  this  point  of  view  such  genera  as  Ccdli- 
chrous  and  Cryptopterus,  in  which  the  ascending  process  has  vanished,  and  the 
horizontal  process  and  its  distal  expansion  alone  remain,  must  be  regarded  as 
supplying  an  intermediate  stage  between  the  two  extremes.  A further  question 
arises  as  to  whether,  in  addition  to  a modified  neural  arch,  the  intercalarium  did  not 
originally  include  an  element  comparable  to  a transverse  process.  We  are  inclined  to 
think  that  it  did,  and  that  the  horizontal  process  of  the  ossicle,  when  present,  repre- 
sents the  modified  transverse  process  of  the  second  vertebra.  In  its  origin  from  the 
neural  arch  or  ascending  process,  the  hoi’izontal  process  conforms  precisely  to  the 
contiguous  transverse  processes  of  the  fourth  and  fifth  vertebrm,  which  spring  in 
exactly  the  same  way  from  the  neural  arches,  and  not  from  the  centra  of  their 
respective  vertebrce. 

V. — The  Physiology  of  the  Air-Bladder  and  Weberian  Mechanism 

IN  THE  SiLURIDyE. 

A.  Silurid(E  normcdes. 

From  the  morphology  of  the  air-bladder  and  Weberian  ossicles,  we  may  next  proceed 
to  discuss  how  far  the  facts  elucidated  in  the  preceding  sections  of  this  paj)er  throw 
any  light  on  the  vexed  question  of  their  ph3’siology. 

There  is  a strong  d priori  probability  that  the  Weberian  mechanism  is  physio- 
logically related  to  one  of  the  several  functions  that  have  been  ascribed  to  the 
auditory  organ  or  to  the  air-bladder,  but  to  which  of  them  is  a (piestion  by  no  means 
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easy  to  answer.  A preliminary  difficulty  to  be  encountered  is  the  complex  physio- 
logical character  of  the  two  organs ; and,  apart  from  our  imperfect  knowledge  of  the 
physiology  of  the  several  functions  assigned  to  each,  and  especially  in  the  case  of  the 
internal  ear  of  Fishes,  a further  difficulty  is  afforded  by  the  total  absence  of  any 
experimental  evidence  directly  bearing  on  the  functional  significance  of  the  Weberian 
ossicles.  And,  while  we  desire  to  emphasize  the  danger  of  making  physiological 
deductions  from  facts  of  a purely  anatomical  nature,  no  other  course  has  yet  been 
adopted  by  previous  writers  on  this  subject,  and,  at  present,  this  is  the  only  one  open 
to  us ; consequently,  any  conclusions  based  upon  data  so  frequently  misleading  and 
unreliable  must  partake  rather  of  the  nature  of  suggestions,  and  be  accepted  with 
considerable  reserve.  With  the  qualification  rendered  necessary  by  these  considera- 
tions, some  light  may  possibly  be  thrown  on  this  difficult  problem  by  a careful  inquiry 
as  to  how  far  the  Weberian  ossicles,  and  the  coadapted  parts  of  the  air-bladder  and 
internal  ear,  ai’e  anatomically  fitted  to  act  as  subsidiary  or  accessory  structures  in 
connection  with  any  of  the  several  functions  assigned  to  either  the  air-bladder  or 
internal  ear,  while  unsuited  for  association  with  others.  By  this  means  it  may  at 
least  be  possible  to  eliminate  certain  functions  from  any  further  consideration,  and 
thereby  considerably  narrow  the  scope  of  future  inquiry. 

With  this  object  in  view,  we  propose  in  this  section  of  our  paper  to  discuss  (1)  how 
far  the  function  of  the  Weberian  mechanism  is  conditioned  by  the  anatomical  structure 
of  the  air-bladder  and  internal  ear  ; (2)  to  which  of  the  known  functions  of  the  air- 
bladder  and  auditory  organ  the  Weberian  ossicles  are  to  be  regarded  as  accessory 
structures ; and  (3)  the  use  and  advantage  of  the  Weberian  mechanism  to  the  Fish 
})Ossessing  it. 

1.  In  all  the  Siluridse  normales  the  air-bladder  may  be  regarded  as  consisting  of  two 
intercommunicating,  but  physiologically  distinct,  portions — a posterior,  represented  by 
the  two  lateral  compartments,  which  is  indistensible  and  inelastic,  and  ahvays  of 
gi-eater  internal  capacity  ; and  an  anterior,  which,  on  the  contrary,  is  always  more  or 
less  elastic  and  expansible,  but  of  less  internal  capacity  than  the  former.  The 
distenslbillty  of  the  anterior  chamber,  however,  is  by  no  means  uniform  in  all  direc- 
tions ; on  the  contrary,  and  for  reasons  already  given, this  portion  of  the  bladder 
is  absolutely  inexpansible,  except  laterally  at  right  angles  to  its  antero-posterlor 
axis.  From  the  mode  in  which  the  fibres  forming  the  lateral  walls  of  this  chamber 
converge  in  each  half  of  the  dorsal  wall  and  become  inserted  into  the  convex  outer 
margin  of  the  crescentic  process  of  the  tripus,  it  becomes  still  further  obvious  that  it  is 
only  by  inward  or  outward  bulgings  of  the  lateral  walls  that  variations  in  the  internal 
condition  of  the  air-bladder  are  able  to  set  in  motion  the  series  of  Weberian  ossicles. 
It  is  scarcely  necessary  to  point  out  that  by  this  restriction  of  the  expansion  or 
contraction  of  the  anterior  chamber  to  movements  of  its  lateral  walls,  which  alone 
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are  directly  connected  with  the  tripodes,  the  Weberian  ossicles  are  rendered  more 
susceptible,  and,  therefore,  capable  of  responding  to  smaller  variations  of  internal 
gaseous  tension,  by  whatever  cause  produced,  than  if  the  anterior  chamber  were  equally 
elastic  and  expansible  in  all  directions.  The  increased  delicacy  of  the  Weberian 
mechanism  in  the  normal  Siluridse,  as  compared  with  other  Ostariophysem,  is  probably 
the  cause  of  the  more  extensive  anchylosis  of  the  anterior  vertebrae,  and  their 
rigid  articulation  with  the  skull.  If  the  anterior  vertebrae  were  flexibly  articulated 
with  one  another  and  to  the  skull,  so  as  to  be  able  to  participate  in  the  lateral  flexion 
of  the  vertebral  column  in  ordinary  locomotion,  while  at  the  same  time  these  vertebrae 
and  their  processes  retained  their  close  relation  to  the  dorsal  surface  of  the  air- 
bladder,  the  anterior  chamber  and  Weberian  ossicles  could  hardly  fail  to  be  affected 
by  muscular  compression.  Consequently,  the  anchylosis  of  those  vertebrae  which  are 
specially  related  to  the  anterior  chamber  becomes  almost  a necessity  in  the  Siluridae 
if  the  Weberian  mechanism  is  to  remain  unaffected  by  the  more  or  less  violent  shocks 
produced  by  variations  of  muscular  contraction  and  relaxation.  The  posterior  portion 
of  the  air-bladder,  represented  by  the  two  lateral  compartments,  lies  free  in  the 
abdominal  cavity  and  is  not  specially  related  to  any  skeletal  elements,  and  anchylosis 
in  this  region  does  not,  therefore,  take  place.  From  the  position  and  shape  of  the 
tripus  and  its  mode  of  articulation  with  the  centrum  of  the  complex  vertebra,  as  well 
as  from  the  relations  and  attachments  of  its  crescentic  process  to  the  fibres  converging 
from  the  corresponding  lateral  wall  of  the  anterior  chamber,  it  will  follow  that  any 
inward  or  outward  movement  of  the  lateral  wall  will  necessarily  cause  the  crescentic 
process  to  move  either  inwards  or  outwards,  while  the  anterior  process  of  the  same 
ossicle  will  execute  similar  movements,  but  in  inverse  order.  In  all  such  movements 
the  tripus  constitutes  a lever  of  the  first  order,  the  fulcrum  of  which  is  represented 
by  the  articulation  of  the  articular  process  of  the  ossicle  with  the  complex  centrum- 
The  relative  leno-ths  of  the  two  arms  of  the  lever,  that  is  to  say,  the  anterior  and 
crescentic  processes,  vary  somewhat  in  different  Siluroids,  although  within  limits  so 
narrow  that  in  the  great  majority  of  the  normal  forms  that  came  under  our  notice 
the  two  were  of  approximately  equal  length.  Very  exceptionally  the  anterior  process 
may  be  slightly  the  longer  of  the  two,  and,  consequently,  like  the  long  arm  of  a 
lever,  gains  in  amplitude  of  movement  what  it  thereby  loses  in  force.  Any  inward 
or  outward  movement  of  the  anterior  process  of  the  tripus  will  impart  either  a push  or  a 
pull  to  the  interossicular  ligament,  and  finally  to  the  spatulate  process  of  the  scaphium, 
which,  therefore,  moves  either  inwards  or  outwards  by  a corresponding  rotation  of 
that  ossicle  on  its  condylar  and  ascending  processes,  and  with  every  such  movement 
of  the  scaphium  a forward  or  backward  impulse  will  be  given  to  the  perilymph  of  the 
atrial  cavities.  The  characteristic  curvature  of  the  crescentic  process  of  the  tripus 
apparently  serves  no  other  purpose  than  that  of  increasing  the  surface  required  for 
its  connection  with  the  fibres  of  the  air-bladder. 

The  precise  mode  in  which  movements  of  the  anterior  process  of  the  tripus  are 
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transmitted  to  the  scapliiimi  requires  a more  critical  examination  than  lias  yet  been 
given  to  this  point  by  previous  writers.  Although  of  considerable  thickness  in  pro- 
portion of  its  length,  the  interossicular  ligament  cannot  be  regarded  as  a rigid 
structure,  but  rather  as  being  more  or  less  compressible,  and  hence  the  immediate 
result  of  any  slight  inward  movement  of  the  anterior  process  of  the  tripus  towards  the 
scaphium,  following  upon  any  outward  bulging  of  the  corresponding  lateral  wall  of 
the  anterior  chamber,  will  be  the  compression  of  the  ligament  in  the  direction  of  the 
length  of  its  component  fibres,  and  this  must  necessarily  lead  to  an  outward  bulging 
or  swelling  analogous  to  that  of  a contracting  muscle,  the  swelling  taking  place  at 
right  angles  to  the  direction  in  which  the  force  tending  to  produce  compression  is 
applied.  Under  .such  circumstances,  no  immediate  inward  movement  of  the  spatulate 
process  of  the  scaphium  takes  place.  Conversely,  any  slight  outward  movement  of 
the  tripus  that  might  subsequently  take  place  would  at  first  only  have  the  elfect  of 
straightening,  as  it  were,  by  a pull,  the  outwardly  bulging  fibres  of  the  ligament. 
Hence,  it  may  be  concluded  that  relatively  slight  incursions  or  excursions  of  the 
anterior  process  of  the  tripus  will  produce  no  effect  on  the  scaphium,  and  that  only 
movements  of  the  tripus,  of  greater  amplitude  than  those  now  under  consideration,  are 
competent  to  bring  about  corresponding  movements  of  the  scaphium,  or  affect  the 
fluids  of  the  internal  ear.  But,  apart  from  the  interossicular  ligament,  there  are  other 
reasons  for  the  belief  which  we  certainly  entertain,  that  the  Weberian  ossicles  are  but 
ill-adapted  for  the  transmission  of  movements  caused  by  the  slight  inward  or  outward 
bulging  or  vibration  of  the  lateral  walls  of  the  anterior  chamber.  The  size  of  the 
Weberian  ossicles,  or  at  all  events,  of  the  tripus;  the  character  of  the  articulation 
between  the  articular  process  of  the  tripus  and  the  centrum  of  the  third  vertebra, 
which,  in  some  Siluridae  {e.g.,  Auchenipterus  nodosus  and  A.  ohsciirus)  is  effected  by 
the  actual  but  flexible  continuity  of  that  process  with  the  centrum  in  question  ; and 
the  fact  that  all  movements  of  the  ossicles,  or  at  least  of  the  tripus,  must  take  place 
in  the  loose,  fluid-infiltrated  connective  tissue  of  the  saccus  paravertebralis — seem  to 
afford  strong  additional  evidence  that  the  Weberian  apparatus  is  far  better  adapted 
to  register  the  more  forcible,  even  if  more  gradual  distensions  or  contractions  of  the 
anterior  chamber,  rather  than  slight  or  rapidly  recurring  vibrations  of  its  lateral 
walls.  Among  other  facts  tending  to  the  same  conclusion  may  be  mentioned  the 
extreme  thickness  of  tlie  walls  of  the  air-bladder  in  many  Siluroicls,  and  in  certain 
genera  and  species  {Osteogeniosus,  ^lurichthys,  and  several  species  of  Arius),  this 
feature  is  still  further  emphasized  by  the  development  of  vertically-disposed,  buttress- 
like, aggregations  of  the  fibres  forming  the  inner  stratum  of  the  tunica  externa  of  the 
lateral  walls  of  the  anterior  chamber.  The  peculiarities  of  the  interossicular  ligament 
and  the  inertia  of  the  Weberian  ossicles,  taken  in  conjunction  with  other  anatomical 
features  more  directly  pertaining  to  the  structure  of  the  air-bladder  itself,  seems  to 
us  to  offer  an  insuperable  objection  to  any  theory  of  the  function  of  those  ossicles 
which  relies  upon  their  capacity  to  be  affected  by,  or  to  transmit  to  the  internal 
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ear,  vibrations  or  other  movements  of  the  lateral  walls  of  the  anterior  chamber 
that  are  of  slight  amplitude  and  rapid  recurrence  from  whatever  source  derived.  In 
fact,  it  would  almost  seem  as  if  the  interposition  of  a lax,  or  j-ather  compressible 
ligament  between  any  two  of  a series  of  three  movable  ossicles,  were  a special 
contrivance  for  the  express  purpose  of  preventing  the  internal  ear  from  becoming 
susceptible  to  any  but  the  comparatively  grosser  changes  that  take  place  in  the 
internal  condition  of  the  air-bladder.  It  is  also  difficult  to  avoid  the  conclusion 
that  the  Weberian  ossicles  constitute  a mechanism  which,  while  not  sufficiently 
delicate  to  be  capable  of  transmitting  to  the  internal  ear  slight  variations  in 
the  condition  of  the  gaseous  contents  of  the  air-bladder,  is,  nevertheless,  veiy 
susceptible  to  all  such  changes  that  exceed  a certain  minimum. 

The  function  of  the  intercalariurn  is  not  very  clear  in  those  Siluridfle  in  which  it  is 
represented  by  a mere  nodule  of  bone  imbedded  in  the  interossicular  ligament,  unless 
it  is  to  impart  some  slight  rigidity  to  that  structure,  but  even  if  this  be  the  case  the 
ligament  still  remains  sufficiently  lax  or  compressible  to  warrant  the  physiological 
conclusion  to  which  reference  has  just  been  made.  In  the  very  limited  number 
of  instances  {e.g.,  Macrones,  Pseudohag^'iis,  Liocassis,  etc.)  where  the  intercalariurn 
not  only  consists  of  a horizontal  process  with  its  distal  end  imbedded  in  the 
interossicular  ligament,  but  in  addition,  of  an  ascending  process  lying  in  the  fibrous 
wall  of  the  neural  canal  between  the  exoccipital  and  the  arch  of  the  third  vertebra, 
it  is  also  difficult  to  see  that  the  ossicle  can  have  any  other  function  assigned  to  it 
than  that  of  slightly  stiffening  the  ligament  in  question.  Some  light,  however,  may 
be  thrown  on  this  point  by  a comparison  of  the  position  and  relations  of  the 
intercalariurn  in  the  two  families  of  the  Siluridse  and  Cyprinidie.  In  the  latter 
family,  where  the  ossicle  is  represented  by  a Y-shaped  bone  having  its  two  arms 
articulated  with  the  lateral  sin-face  of  the  conjoined  second  and  third  vertebrae,  and 
the  distal  extremity  of  its  outwardly- directed  stem  inserted  into  the  centre  of  the 
interossicular  ligament,  the  scaphium  is  somewhat  more  anterior  in  position  than  the 
anterior  extremity  of  the  tripus,  and  consequently  the  ligament  in  passing  between 
the  two  ossicles,  assumes  a direction  which  is  somewhat  oblique  from  behind  forwards 
and  inwards.  Not  only  is  the  ligament  more  oblique  in  direction,  but  it  is  of  also 
greater  relative  length  and  thinness  than  in  the  Silurida^.  In  this  case  there  can  be 
but  little  doubt  that  the  intercalariurn  functions  as  a pulley,  and  by  moving  through 
the  arc  of  a small  circle  coincidently  with  the  motion  of  the  tripus,  so  alters 
the  direction  of  the  pull  of  the  interossicular  ligament  as  to  enable  the  latter  more 
directly  to  exert  its  full  force  on  the  scaphium.  In  the  absence  of  an  intercalarium, 
or  if  that  ossicle  were  in  the  same  condition  as  it  is  in  tlie  great  majority  of  the 
Siluridae,  the  length,  thinness,  and  compressibility  of  the  ligament  would  be  such 
that  it  is  difficult  to  see  how  any  but  the  most  extensive  volumetric  variations  of  the 
air-bladder  could  possibly  have  any  effect  either  on  the  scaphium  or  the  internal  ear. 
In  the  Siluridae,  on  the  contrary,  the  spatulate  process  of  the  scaphium  is  situated 
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exactly  opposite  and  internal  to  the  anterior  extremity  of  the  tripus,  and  hence  the 
transversely-disposed  interossicular  ligament  passes  straight  from  one  ossicle  to  the 
other,  and  no  sesamoid  or  pulley -like  action  of  the  intercalarium  is  necessary.  We 
are,  therefore,  inclined  to  regard  the  intei'calarium  in  the  Cyprinidm  as  fulfilling  its 
primary  function  of  giving  increased  leverage  to  the  action  of  the  interossicular 
ligament,  such  a function  being  necessitated  by  the  relative  positions  of  the  two 
ossicles  between  which  this  ligament  extends  ; while  in  the  Siluridse,  on  the  other  hand, 
from  the  altered  relation  and  more  direct  juxtaposition  of  the  scaphium  and  tripus, 
the  need  of  an  intercalarium  is  no  longer  felt ; and  consequently  this  ossicle  in 
the  vast  majority  of  the  normal  Siluridas  becomes  the  comparatively  functionless 
vestige  of  a physiologically  more  important  structure  in  the  Cyprinidse.  At  all 
events  this  conclusion  seems  to  receive  considerable  support  from  the  fact  that  the 
difference  in  the  relative  positions  of  the  scaphium  and  tripus  seems  to  be  a constant 
character  in  all  hitherto  investigated  species  of  the  two  families,  and  correlated  with 
such  differences  there  are  also  certain  almost  equally  constant  modifications  in  the 
condition  of  the  intercalarium,  to  the  extent  that  in  nearly  all  Siluridm  the  ossicle  has 
lost  all  connection  with  its  vertebral  centrum,  and  becomes  but  a comparatively 
insignificant  nodule  in  the  interossicular  ligament,  whereas  in  all  the  Cyprinoid  Fishes, 
including  even  those  with  abnormal  air-bladders,  the  intercalarium  I'etains  both  its 
insertion  into  the  ligament  as  well  as  its  fulcral  connection  with  the  centrum  of  the 
second  vertebra. 

The  function  of  the  radial  fibres  of  the  tripus  seems  to  be  that  of  antagonizing  the 
outward  pull  which  those  fibres  that  pass  from  the  convex  side  of  the  same  process 
into  the  dorsal  and  lateral  walls  of  the  anterior  chamber  exert  upon  the  tripus  during 
any  lateral  distension  of  that  part  of  the  air-bladder.  When  distension  subsides  the 
pull  of  the  previously  tensely  stretched  radial  fibres  causes  the  crescentic  process  to 
move  inwards  to  its  normal  position  of  close  relation  to  the  lateral  surface  of  the 
complex  centrum.  Normally  the  two  sets  of  fibres  exactly  counterbalance  each  other, 
and  according  as  the  volume  of  the  anterior  chamber  is  increased  or  diminished  by 
lateral  expansion  or  contraction,  so  will  the  pull  of  one  set  of  fibres  predominate  over 
that  of  the  other.  In  one  or  two  instances  (e.ry.,  Aucheniptems)  where  the  elasticity 
of  the  articular  process  of  the  tripus  functionally  replaces  the  I’adial  fibres,  the  latter 
are  but  feebly  developed. 

Any  push  or  pull  given  to  the  spatulate  process  of  the  scaphium  by  the  inward  or 
outward  movement  of  the  anterior  process  of  the  tripus  must  also  cause  the  former 
to  move  inwards  or  outwards,  and  by  so  doing  slightly  decrease  or  increase  the  size 
of  the  atrial  cavities.  The  immediate  effect  of  this  will  be  to  cause  either  a forward 
or  a backward  flow  of  the  fluids  of  the  two  cavities.  The  extent  to  which  the  atrial 
cavities  will  be  increased  or  diminished  in  size  by  these  means  will,  of  course,  primarily 
depend  upon  the  amount  of  lateral  conti’action  or  distension  to  which  the  anterior 
chamber  of  the  air-bladder  is  liable,  but  the  result  will  be  that  any  motion,  whether 
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actual  or  molecular,  imparted  to  the  fluid  contained  in  those  cavities  must  be  trans- 
mitted to  the  endolymph  of  the  sinus  and  ductus  endolymphaticus,  and  eventually  to 
that  which  fills  the  two  sacculi,  and  finally  act  as  a stimulus  to  the  sensory  epithelium 
of  the  latter.  Ramsay  Wright  has  briefly  discussed  the  influence  exerted  by  the 
movements  of  the  scaphia  on  the  fluids  of  the  membranous  labyrinth,  and  with  his 
conclusions  we  entirely  agnee.  With  every  inward  movement  of  the  spatulate  process 
of  the  scaphium  “ the  cavity  of  the  atrium  sinus  imparls  is  diminished,  and  the 
contained  fluid  urged  onward.  As  the  result  of  more  fluid  being  forced  into  the  cavum 
sinus  imparls  the  saccus  endolymphaticus,  which  floats  freely  in  it,  must  be  compressed 
and  a current  of  endolymph  urged  forwards  which  must  impinge  very  directly  on  the 
macula  acustica  sacculi  of  each  side.  The  position  of  the  maculae  with  relation  to  the 
saccus  and  ductus  endolymphaticus  would  appear  to  render  unnecessary  the  special 
maculae  described  by  Nusbaum  (29)  in  Cyprinus.  In  any  case  the  altered  tension  in  the 
anterior  part  of  the  air-bladder  will  be  brought  within  range  of  perception  by  the 
auditory  nerve  ” (43,  p.  383).  If  any  doubt  attaches  to  these  statements  it  is 
whether  the  saccus  endolymphaticus  undergoes  actual  compression,  or  that  as  a 
consequence  an  actual  flow  of  endolymph  takes  place  towards  the  sacculi.  It  may 
more  probably  be  the  case  that  movements  of  the  two  scaphia  produce  oscillation 
waves  in  the  fluids  of  the  atrial  cavities  and  the  cavum,  and  that  such  waves  cause 
similar  disturbances  in  the  endolymph  of  the  saccus  and  ductus  endolymphaticus,  but 
without  there  being  any  actual  flow  towards  the  sacculi.  There  can  be  but  little 
doubt  that  the  sensory  epithelium  of  the  two  sacculi  is  solely  concerned  in  the  trans- 
mission of  stimuli  received  through  the  Weberian  mechanism  to  the  auditory  nerve, 
for  the  oblique  valve  in  the  ductus  sacculo-utricularis  must  prevent  the  extension  of 
any  disturbance  in  the  endolymph  of  the  sacculi  to  the  utriculi,  or  to  the  semi-circular 
canals  and  their  ampullae. 

Hasse’s  suggestion  (18)  that  the  propulsion  of  fluid  into  the  atrial  cavities  and  the 
cavum  sinus  imparis  may,  by  radiation  of  pressure,  directly  stimulate  either  the  spinal 
cord  or  the  base  of  the  brain,  has  been  successfully  opposed  by  Ramsay  Wright,  who 
expresses  his  belief  “ that  it  is  solely  through  the  auditory  nerve,  and  especially 
through  its  saccular  branches,  that  the  central  nervous  system  is  informed  of  the 
movements  of  the  ‘ malleus  ’ and  ‘ stapes,’  and  consequently  the  state  of  distension  of 
the  air-bladder”  {loc.  cit.,  p.  384). 

The  peculiar  sac  (receptaculum  dorsale)  which  in  Amiurus  catus  lies  on  the  dorsal 
side  of  the  medulla  oblongata,  and  ends  blindly  behind  in  two  lobes  but  anteriorly 
communicates  with  each  atrium  at  the  point  where  the  latter  becomes  continuous  with 
the  cavum  sinus  imparis  may,  as  Ramsay  Wright  {loc.  cit.,  p.  384)  not  unreasonably 
suggests,  act  as  a reservoir  for  the  fluids  of  the  atrial  cavities,  or  may  serve  to  receive 
any  excess  driven  out  of  the  atria  by  the  movements  of  the  scaphia,  and  therefore 
prevent  shocks  of  undue  force  from  being  imparted  to  the  endolymph  of  the  saccus 
endolymphaticus,  and  eventually  to  the  nerve  endings  of  the  maculae  acusticae  of  the 
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sacculi,  A similar  function  may  possibly  be  assigned  to  the  receptaculum  dorsale 
described  by  us  in  Macrones  nemurus.'^ 

No  differential  action  of  the  two  sacculi  can  possibly  take  place,  at  all  events  so  far 
as  impulses  received  through  the  Weberian  mechanism  are  concerned,  since  the  only 
channel  through  which  any  movement  initiated  in  the  fluids  of  the  atrial  cavities  by 
the  motion  of  the  Weberian  ossicles  can  reach  them  is  the  median  and  unpaired  sinus 
endol}miphaticus  ; hence  it  must  follow  that  each  sacculus  will  be  affected  by  any 
such  disturbances  to  an  equal  extent  and  at  the  same  moment. 

It  may  be  well  to  emphasize  the  fact  that,  whatever  may  be  the  force  which  sets 
the  Weberian  ossicles  in  motion,  there  are  no  obvious  adaptations  for  increasing  its 
intensity  in  the  course  of  transmission  to  the  sensory  epithelium  of  the  inner  ear,  and 
if,  as  we  believe  will  prove  to  be  the  case,  it  is  the  variations  in  the  volume  of  the  gas 
contained  in  the  air-bladder  under  the  influence  of  different  hydrostatic  pressures, 
which  condition  the  lateral  expansion  or  contraction  of  the  anterior  chamber,  it  is 
obvious  that  the  force  exerted  on  the  Weberian  ossicles  will  be  too  considerable  for 
there  to  be  any  use  of  increased  leverage  in  order  to  augment  the  impulse  imparted 
to  the  fluids  of  the  internal  ear.  We  shall  again  refer  to  this  point  in  discussing 
Weber’s  auditory  theory  of  the  function  of  these  ossicles. 

On  the  whole,  and  apart  from  any  predisposition  in  favour  of  any  particular  theory, 
the  impression  left  upon  our  minds  by  a consideration  of  the  extent  to  which  the 
physiology  of  the  Weberian  mechanism  is  conditioned  by  the  more  obvious  features 
in  its  structure  and  relations  to  the  air-bladder  is,  that  ii  is  not  adapted  for  the 
transmission  of  the  smaller  changes  of  whatever  nature  that  may  take  place  in  the 
condition  of  the  gaseous  contents  of  the  air-bladder  ; still  less  is  the  mechanism 
adapted  for  the  transmission  of  any  rapid  vibratory  impulses  that  may  be  com- 
municated to  the  contained  gases ; on  the  contrary,  the  mechanism  would  seem  to  be 
admirably  fitted  to  acquaint  the  Fish  with  the  occurrence  of  the  grosser  volumetric 
variations  that  from  time  to  time  may  affect  the  entire  gaseous  contents  of  the  air- 
hladder. 

2.  The  second  point  for  consideration  is — to  which  of  the  several  known  functions  of 
the  air-bladder  and  internal  ear  are  the  Weberian  ossicles  to  be  regarded  as  accessory 
structures. 

As  we  have  already  pointed  out,  an  initial  difficulty  in  the  way  of  any  attempt  to 
solve  this  question  is  the  complex  physiological  character  of  the  two  organs  which 
the  Weberian  ossicles  bring  into  functional  relations.  At  least  two  distinct  func- 
tions must  be  considered  in  connection  with  the  auditory  organ,  (l)  audition,  and 
(2)  equilibration,  or  orientation  ;t  while  the  air-bladder  in  different  Fishes  is  even  more 
complex  in  function,  more  so  possibly  than  any  other  organ.  Among  the  various  uses 

* See  p.  81. 

t As  a sequel  to  the  researches  of  Goltz  and  others  among  Vertebrata,  mention  may  be  made  of  the 
fact  that  Delage  (11)  and  Engelmann  (12)  have  shown  that  it  is  highly  probable  that  the  so-called 
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attributed  to  the  air-bladder  by  different  writers  may  be  mentioned  (l)  plionation  ; 
(2)  respiration  ; (3)  an  accessory  to  audition  ; or  (4)  its  function  may  be  purely 
hydrostatic. 

Certain  of  these  functions  can  at  once  be  eliminated  from  any  discussion  as  to  the 
physiological  significance  of  the  Weberian  ossicles. 

Equilibration  is  one  of  these.  No  conceivable  changes  are  likely  to  take  place  in 
the  condition  of  the  gaseous  contents  of  the  air-bladder  as  the  result  of  any  movement 
of  rotation  or  oscillation  on  the  part  of  the  Fish,  and  without  such  changes  of  a 
degree  and  kind  calculated  to  produce  movements  of  the  lateral  walls  of  the  anterior 
chamber,  no  motion  of  the  Weberian  ossicles  could  take  place,  neither  would  any 
change  occur  in  the  endolymph  of  the  semicircular  canals,  either  in  the  form  of  intra- 
lab}^rinthic  pressure,  as  Goltz  himself  proposed,  or  by  an  actual  flow,  as  maintained 
by  Mach,  Breur,  and  Crum-Brown.  But  even  supposing  that  movements  of 
oscillation  or  rotation  were  competent  to  so  alter  the  internal  condition  of  the  air- 
bladder  that  increased  pressure  or  a flow  would  be  produced  in  the  fluids  of  the  atrial 
cavities,  and  secondarily,  in  the  sinus  and  ductus  endolymphaticus  and  the  two 
sacculi,  the  presence  of  an  oblique  valve  in  the  ductus  sacculi-utricularis  wouM 
certainly  tend  to  hamper,  even  if  it  did  not  entirel}^  prevent,  the  extension  of  such 
disturbances  into  the  semicircular  canals,  where  the  function  of  equilibration  is 
specially  located.  And,  finally,  it  may  be  mentioned  that  even  if  no  other  difficulty 
existed,  the  fact  that  no  differential  action  of  the  two  membranous  labyrinths  could 
take  place  as  the  result  of  stimuli  received  from  the  air-bladder  through  the  Weberian 
ossicles,  must  be  fatal  to  the  existence  of  any  functional  relations  between  equilibration 
and  the  Weberian  mechanism. 

In  addition  to  the  various  other  methods  by  which  voluntary  sounds  are  produced 
in  different  Fishes,  the  air-bladder  not  infrequently  shares  in  the  function  of  phonation. 
Such  sounds  are  either  produced  by  the  vibration  of  the  internal  annular  diaphragm,* 
or  by  the  vibration  of  certain  extrinsic  muscles,t  the  air-bladder  in  the  latter  case 
intensifying  the  sound  produced  by  acting  as  a resonator.  Dufoss^:  {loc.  cit.)  is  also 
of  opinion  that  some  Ostariophyseae  {e.g.,  some  Cyprinidse  and  one  or  two  Siluridte) 
produce  breathing  noises  (“  les  bruits  de  souffle  ”)  by  the  expulsion  of  gas  from  the 
air-bladder  through  the  ductus  pneumaticus,  and  it  has  been  suggested  that  the 
grunting  sounds  emitted  by  Clarias\  have  a similar  origin. 

The  possibility  that  the  Weberian  ossicles  have  anything  whatever  to  do  with 
phonation,  either  in  the  Siluridae,  or  in  other  Ostariophyseae,  is  very  remote  and  need 
be  but  briefly  considered. 

auditory  organs  of  many  aquatic  Invertebrata  may  perform  singly  or  conjointly  the  functions  of 
equilibration  and  audition. 

* Moreao  (27a). 

t DoFOSsfi  (11b). 

t Quoted  by  Day  in  “ Instincts  and  Emotions  in  Fish,”  ‘ Linn.  Soc.  Trans.’  (Zool.),  vol.  15,  1880. 
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It  is  by  no  means  obvious  that  DdfossE  is  correct  in  regarding  all  these  examples 
of  breathing  noises  as  genuine  instances  of  the  production  of  voluntary  sounds,  still 
less  is  it  clear  that  the  emission  of  such  sounds  is  in  any  way  a part  of  the  normal 
function  of  the  air-bladder.  In  none  of  the  Siluridae  or  Cyprinidae  that  DuFOSSlfe 
mentions  is  there  any  mechanism  by  which  the  expulsion  of  gas  from  the  air-bladder 
through  the  ductus  pneumaticus  in  sufficient  volume  or  with  sufficient  rapidity  to 
produce  audible  sounds  could  be  effected.  Any  such  expulsion  of  gas  seems  only 
to  take  place  under  the  influence  of  a diminution  in  the  pressure  of  the  superin- 
cumbent water,  in  which  case  the  expansion  of  the  gas  might  lead  to  its  forcible 
escape  from  the  air-bladder  and  at  the  same  time  to  the  emission  of  a breathing  noise. 
This  certainly  does  occur  in  many  Physostomi,  and  may  be  utilized  by  the  Fish  as  a 
means  of  adjusting  the  volume  of  its  air-bladder  and  the  specific  gravity  of  its  body 
to  varying  external  pressures,  but  there  is  certainly  no  clear  evidence  that  this 
method  is  ever  employed  in  the  production  of  normal  voluntary  sounds  in  the 
Ostariophyseae,  and  even  if  it  were  the  case  the  effect  could  only  be  produced  at  the 
expense  of  a considerable  disturbance  both  of  the  normal  equilibrium  of  the  Fish  in 
the  water  and  of  its  locomotor  activity.  We  are  strongly  inclined  to  the  opinion 
that  although  sounds  may  indirectly  have  their  origin  in  the  air-bladder,  they  have 
no  relation  to  it  other  than  as  accidental  accompaniments  in  the  exercise  of  its 
normal  hydrostatic  function.'"'  In  one  example  cited  above  [Clarias)  it  is  almost 
certain  that  the  grunting  sound  which  tlie  Fish  is  said  to  make  could  not  be  caused 
by  the  voluntary  expulsion  of  gas  from  the  air-bladder,  inasmuch  as  this  organ  is  not 
only  rudimentary  but  almost  completely  encapsuled  by  bone.  Eliminating  such 
doubtful  examples  of  the  association  of  the  air-bladder  with  phonation  in  a few 
Siluridae  and  Cyprinidae,  it  may  be  urged  with  regard  to  the  rest  that  the  compara- 
tive rarity  of  well  authenticated  instances  of  the  production  of  voluntary  sounds,  the 
absence  of  extrinsic  muscles  in  all  biit  a few  genera  (Pimelodinae),  and  the  Avant  of 
internal  vibratory  diaphragms,  or  other  obviously  vocal  structures,  are  quite  sufficient 
to  prove  that  the  air-bladder  takes  little  or  no  part  in  this  function,  at  all  events,  by 
any  of  the  ordinary  methods  known  in  other  Fishes.  This  conclusion  seems  to  us  to 
apply  not  only  to  the  two  families  referred  to  above,  but  to  all  other  Ostariophyseae 
about  which  reliable  information  can  be  obtained,  and  to  warrant  the  exclusion  of 
phonation  from  further  consideration  in  connection  with  the  Weberian  mechanism. 

With  regard  to  respiration  the  air-bladder  in  different  Fishes  is  said  to  be  related 
to  this  function  in  one  of  two  ways,  acting  either  as  a lung  subsidiary  to  the  gills,  or 
as  an  oxygen  reservoir. 

There  is  no  satisfactory  evidence  that  respiration  can  be  effected  by  the  transit  of 

* For  these  reasons,  and  in  the  absence  of  definite  experimental  evidence,  we  cannot  at  present  accept 
Sorensen’s  ingenious  theory  that  the  extrinsic  muscles  of  the  air-bladder  in  the  Pimelodina9  and  the 
“ elastic-spring  ” apparatus  of  other  Siluridae  are  solely  subordinate  to  the  voluntary  production  of 
sounds. 
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air  to  and  from  the  air-bladder  through  the  ductus  pneurnaticus  in  any  Physostomi. 
Many  Fishes  frequently  resort  to  the  surface  and  swallow  air,  wiiicli  may  either  act 
directly  on  the  gills,  or  on  accessory  respiratory  organs,  but  the  somewhat  prevalent 
impression  that  some  Physostomi  are  capable  of  inhaling  air  through  the  pneumatic 
duct  rests  upon  no  satisfactory  foundation  and  may  be  dismissed  from  consideration. 

On  the  other  hand,  there  is  a large  body  of  experimental  evidence  for  the  belief 
that  the  air-bladder  has  an  important,  though  secondary,  relation  to  respiration  by 
acting  as  a reservoir  for  the  superabundance  of  oxygen  which  is  taken  into  the  blood 
through  the  gills,  and  subsequently  re-absorbed  from  the  air-bladder  into  the  blood 
when  the  Fish  is  in  water  containing  but  little  of  that  gas  in  solution.t  It  seems 
clear,  nevertheless,  that,  however  important  this  secondary  I’elation  of  the  air-bladder 
to  respiration  may  be  in  Fishes  in  general,  there  can  be  no  physiological  connection 
between  it  and  the  Weberian  mechanism.  The  function  of  the  air-bladder  as  an 
oxygen  reservoir  is,  to  say  the  least,  as  characteristic  of  those  Fishes  in  which  a 
Weberian  mechanism  is  absent,  as  it  is  of  those  in  which  it  is  present.  In  fact, 
Moreau’s  researches  go  much  further  than  this,  and  prove  to  the  point  of  actual 
demonstration  that  of  the  Fishes  with  which  he  experimented  those  provided  with  a 
Weberian  mechanism  had  relatively  but  little  capacity  for  absorbing  oxygen  from  the 
air-bladder,  when  placed  under  conditions  likely  to  cause  asphyxia,  i.e.,  in  water 
deprived  of  its  oxygen,  whereas  many  other  Fishes  belonging  both  to  the  Physoclist 
and  Physostome  divisions  of  the  Teleostei,  in  which  the  Weberian  apparatus  is 
wanting,  had  a far  greater  capacity  for  absorbing  oxygen  under  similar  conditions 
than  the  former.  Moreau  has  also  shown  that  a marked  capacity  for  oxygen  absorp- 
tion is  always  associated  with  the  presence  of  retia  mirabilia  in  the  walls  of  the  air- 
bladder,  and  these  structures,  as  we  have  already  pointed  out,  are  invariably  al)sent 
in  all  Siluridce,  and,  so  far  as  we  are  acquainted,  in  all  the  remaining  Ostariophyseae. 

Dismissing  respiration,  we  may  next  consider  the  much  more  difficult  and  debatable 
question  whether  these  structures  can  be  regarded  as  in  any  way  subsidiary  to  the 
function  of  audition. 

Our  knowledge  of  the  physiology  of  hearing  is  mainly  confined  to  the  higher  air- 
breathing  Vertebrata,  and  but  comparatively  little  is  experimentally  or  certainly 
known  at  present  about  this  function  in  Fishes,  The  conditions  of  subaqueous 
audition  are  in  several  respects  very  different  from  those  in  aii’.  Not  only  do  sound 
vibrations  in  water  travel  witli  more  than  quadruple  the  ra})idity  with  which  they  are 
transmitted  in  air,  but  they  can  be  appreciated  at  far  greater  distances.  Tliere  is,  in 
fact,  a closer  analogy  between  water  and  solid  bodies  than  between  water  and  air,  so 
far  as  the  transmission  of  sound  vibrations  is  concej’ued.  Tliese  facts  may,  to  some 
extent  perhaps,  be  physiologically  illustrated  by  the  statement  that  the  relations  of 
the  auditory  organ  of  a Fish  to  a sounding  body  in  water  are  not  very  dissimilar  to 

* Jobert’s  experiments  (20)  to  the  contrary  are,  in  our  own  opinion,  not  conclusive. 

t Sec  Milxe-Edwards  (25),  and  Gouriei  (13a). 
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those  of  an  air-breathing  Vertebrate  when  its  skull  is  directly  connected  with  the 
source  of  sound.  That  this  is  to  some  extent  true  is  borne  out  by  experiment.  In 
making  their  celebrated  experiments  on  the  transmission  of  sound  in  the  water  of  Lake 
Geneva,  Colladon  and  Sturm*  found  that  sound  vibrations,  too  feeble  to  produce 
any  appreciable  effect  on  the  external  surface  of  the  skull  when  they  passed  through 
air  could,  nevertheless,  strongly  impress  the  ear  when  they  were  propagated  in  water 
and  the  head  of  the  observer  was  completely  immersed  in  the  fluid.  (2.)  The  same 
observers  also  remarked  that  while  the  vibrations  passed  with  difliculty  from  water 
to  air  the  converse  was  also  true.  For  Fishes  in  general,  therefore,  we  are  unable  to 
see  that  there  is  any  need  to  assume,  in  the  absence  of  any  experimental  proof  to  the 
contrary,  that  the  essential  conditions  of  subaqueous  audition  are  very  different  from 
those  in  air,  except  in  so  far  as  the  physical  diflerences  in  the  conductivities  of  the 
respective  media  are  concerned.  Sound  waves  produced  by  any  sounding  body  in  the 
water  and  impinging  upon  the  surface  of  the  Fish’s  skull  will  readily  be  transmitted 
to  the  internal  ear,  and  such  sounds  Avill  in  all  probability  be  heard  with  greater 
rapidity  and  from  greater  distances  than  could  possibly  be  the  case  under  similar 
conditions  in  air.  In  the  special  case  of  those  Fishes  with  a Weberian  mechanism 
the  question  becomes  much  more  complicated,  and  in  dealing  with  it  we  shall  conflne 
ourselves  to  the  Siluridm  more  particularly,  although,  with  slight  and  unimportant 
modifications,  the  same  line  of  argument  will  be  applicable  to  all  other  Ostariophysem. 

Weber  himself  not  only  regarded  the  ossicles  which  bear  his  name  as  homologous 
with  the  incus,  malleus,  and  stapes  of  the  Mammalian  ear,  but  attributed  to  them  an 
almost  exactly  similar  function.  He  imagined  that  sound  waves  impinging  on  the 
surface  of  the  body  ultimately  affected  the  air  contained  within  the  air-bladder,  which 
organ  then  acted  as  a resonator,  and  by  means  of  the  Weberian  ossicles  transmitted 
the  vibrations  to  the  internal  ear.  Presumably,  the  only  way  in  which  sound  waves 
can  affect  the  Weberian  ossicles  and  internal  ear  is  by  traversing  the  body  wall  of  the 
animal  and  throwing  into  vibration  the  air  in  the  air-bladder,  which  in  turn  may  be 
conceived  as  impinging  upon  the  only  portions  of  the  bladder  at  all  likely  to  be 
capable  of  vibratory  motion,  viz.,  the  lateral  walls  of  the  anterior  chamber;  the 
vibration  of  these  walls  might  initiate  corresponding  vibrations  in  the  series  of 
ossicles  considered  as  a rigid  whole,  and  such  vihiKitions  through  the  movements  of 
the  scaphia  may  be  siqjposed  to  affect  the  j^erilymph  of  the  atrial  cavities,  and 
eventually  the  endolyrnjih  of  the  internal  ear  itself  If  Weber’s  theory  be  true  the 
air-bladder  must  necessarily  become  an  important  accessory  to  audition  in  all  Fishes 
in  which  this  peculiar  niechanism_  is  present.  In  ordinary  Fishes  the  only  sound  waves 
capable  of  acting  as  stimuli  to  the  auditory  nerves  will  be  those  that  fall  directly  on 
the  skull,  but  in  those  that  possess  Weber’s  ossicles  sound-waves  impinging  on  the 
general  surface  of  the  body  may,  through  the  air-bladder,  become  convertible  into 
auditory  stimuli. 

* “ Memoire  sur  la  nompression  des  liquides,”  ‘ Mem.  de  I’Academic  des  Sciences,’  vol.  5,  p.  346. 
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From  the  date  of  the  publication  of  Weber’s  memoir  until  the  appearance  of 
Hasse’s  paper  (18)  in  1873,  the  majority  of  writers  on  this  subject  have  more  or  less 
explicitly  accepted  Weber’s  views  with  but  little  or  no  qualification,  and  the  term 
“ auditory,”  as  applied  to  the  ossicles,  still  lingers  as  an  interesting  survival  of  the 
notion  which  he  entertained  of  their  function.  But  in  addition  to  tliose  who,  like 
Weber,  apparently  regard  the  Weberian  ossicles  as  related  solely  to  audition,  there 
are  others  who,  while  assigning  a very  different  primary  function  to  those  structures, 
are  not  altogether  prepared  entirely  to  exclude  the  possibility  that  they  may  still  be, 
in  .some  subordinate  degree,  accessory  to  the  function  of  hearing,  and  among  such 
writers  must  be  included  Hasse — the  first  opponent  of  Weber’s  theory — and 
Ramsay  Wright. 

Apart  from  the  a 'priori  probability  that  the  existence  of  an  anatomical  connection 
between  the  air-bladder  and  the  internal  ear,  is  to  render  the  former  a physiological 
accessory  to  audition,  and  the  apparent  analogy  between  the  Weberian  ossicles  and 
the  auditory  ossicles  of  the  higher  Vertebrata,  there  is  but  little  to  be  said  in  favour  of 
Weber’s  view,  and  even  this  argument  may  be  used  in  quite  another  way  and  with 
equal  force,  for  it  is  at  least  as  likely  that  the  Weberian  ossicles  are  related  to  some 
function  of  the  air-bladder  as  that  they  are  subsidiary  to  any  function  of  the  internal 
ear.  On  the  other  hand,  thei’e  are  many  and  weighty  reasons  for  the  belief  that 
Weber’s  theory  is  absolutely  untenable,  and  of  these  we  may  direct  attention  to  the 
following  : — 

O 

(1.)  The  imperfections  of  the  air-bladder  and  the  Weberian  mechanism  considered  as 
structures  accessory  to  audition.  The  gravest  objections  to  the  theory  certainly  come 
under  this  head.  It  may  be  objected — 

(a.)  That  sound  vibrations  pass  with  great  difficulty  from  water  to  air,  and  hence, 
if  such  vibrations  are  to  pass  at  all  from  the  external  medium  to  the  gases  contained 
within  the  air-bladder,  the  transmission  must  be  accompanied  by  a considerable  loss  of 
intensity,  and  the  effect  upon  the  latter  can  be  but  slight.  The  intervention  of  a solid 
medium  between  the  external  surface  of  the  body  and  the  fluids  of  the  internal  ear, 
such  as  may  be  found  in  the  bones  of  the  skull,  would  afford  a far  better  channel  for 
sound  conduction  than  a membranous  air-containing  sac.*  Moreover,  although  this 
objection  does  not  apply  to  the  Siluridae  with  lateral  cutaneous  areas,  the  sound  waves 
in  passing  from  the  exterior  to  the  gases  of  the  air-bladder  must  be  greatly  retarded 
in  m.ost  Ostariophyseae  by  having  to  traverse,  not  only  the  lateral  muscles  of  the  body 
wall,  but  also  the  air  and  fluid  infiltrated  spaces  or  organs  of  varying  densities  by 
which  the  bladder  is  surrounded. 

(6.)  Assuming,  in  spite  of  this  difficulty,  that  the  air  in  the  air-bladder  can  be 
thrown  into  vibration,  it  may  yet  be  objected  that  in  many  Siluridae  the  walls  of  that 

* The  minute  size  of  the  external  auditory  meatus  in  some  aquatic  mammalia  (Cetacea)  suggests  that 
even  in  these  animals  the  sound  waves,  which  are  effective  as  auditory  stimuli,  must  traverse  the  cranial 
bones. 
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organ  are  too  thick  to  admit  of  their  vibrating  synchronously  witl)  rapidl}'-  recurring- 
sound  waves.  This  objection  may-  certainly  be  emphasized  in  those  instances  in  which 
the  walls  of  the  air-bladder  ai-e  specially  thickened  where  alone  their  vibi-ation  can  be 
conceived  as  likely'  to  produce  corresponding  movements  in  the  Weberian  ossicles,  viz., 
the  lateral  walls  of  the  anterior  chamber.  And,  moreover,  in  the  case  of  all  the 
remaining  families  of  Ostariophyseae,  where  the  anterior  chamber  is  not  specially 
damped  in  particular  regions  through  contiguity  with  suitably  modified  portions  of  the 
skeleton,  its  walls  would  probably  vibrate  to  an  equal  extent  in  all  directions,  but,  as 
only  those  vibrations  which  affect  the  lateral  walls,  or  take  place  transversely,  are 
competent  to  impart  their  motion  to  the  Weberian  ossicles,  there  must,  in  such  cases? 
be  a considerable  loss  in  the  intensity  of  the  final  effect  produced  on  the  internal  ear  ; 
and,  hence,  in  dealing  with  the  question  of  the  fitness  of  the  walls  of  the  bladder  to  be 
affected  by,  or  to  transmit  to  the  Weberian  ossicles,  delicate  wave  impulses  in  the 
contained  gases,  we  cannot  but  regard  this  objection  as  a serious  one. 

(c.)  It  may  be  further  objected  that  the  Weberian  ossicles  do  not  satisfy  the  neces- 
sary conditions  required  in  a series  of  movably  articulated  ossicles  adapted  for  the 
transmission  of  sound  vibrations  by  vibrating  as  a rigid  whole.  In  the,  in  some 
respects,  analogous  mechanism  of  the  Mammalian  tynnpanura  the  auditory  ossicles 
directly  articulate  with  one  another  without  being  in  any  way  separated  by  a fibrous 
ligament  of  any  description,  and  hence  the  ossicles  are  capable  of  vibrating  as  a rigid 
whole,  synchronously  with  the  sound  vibrations  that  impinge  on  the  tympanic 
membrane,  and  also  of  communicating  such  vibrations  to  the  fluids  of  the  inner  ear. 
The  Weberian  ossicles,  on  the  contrary,  are  but  ill  adapted  for  any  such  function. 
As  we  have  previously  pointed  out,  the  inertia  of  the  ossicles  themselves,  the  mode 
of  articulation  of  the  tripodes  with  the  centrum  of  the  complex  vertebra,  which  in 
some  cases  is  affected  by  the  actual  continuity  of  their  articular  processes  with  the 
centrum  in  question,  and  more  especially  the  interposition  of  a lax,  or  at  all  events 
compressible,  ligament  in  the  series  of  ossicles,  are  insuperable  objections  to  any 
theory  that  requires  that  these  structures  should  vibrate  as  a rigid  whole,  by  rapidly 
recurring  movements  of  slight  amplitude,  synchronously  with  the  sound  waves  which, 
ex  hypothesi,  are  produced  in  the  gases  of  the  air-bladder.* 

There  are  also  other  features  in  which  the  Weberian  and  true  auditory  ossicles  may 
be  compared  and  contrasted.  With  auditory  ossicles  there  are  almost  always  certain 
anatomical  adaptations  by  means  of  which  the  effect  produced  at  one  end  of  the 
series  by  the  direct  impact  of  sound  waves  is  considerably  intensified  at  the  other, 
where  the  ossicles  are  in  direct  relation  with  the  fluids  of  the  internal  ear.  This 
effect  is  usually  brought  about  by  the  existence  of  marked  disparity  in  the  superficial 
areas  of  the  tympanic  membrane  and  the  membrane  of  the  fenestra  ovalls,  and,  in 
addition  in  Mammalia,  by  the  leverage  of  the  ossicles  themselves.  In  one  respect 
the  Weberian  mechanism  may  be  said  to  resemble  auditory  ossicles.  The  superficial 

* See  also  pp.  2G4,  2Go 
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areas  of  the  lateral  halves  of  the  anterior  chamber  of  the  air-bladder  in  the  Siluridse 
vastly  exceed  the  areas  of  the  external  atrial  apertures,  and  of  the  spatulate  processes 
of  the  Scaphia  which  close  them,  and  therefore,  whatever  may  be  the  mode  of  motion 
or  vibration  of  the  former,  the  intensity  of  the  final  effect  upon  the  latter  must  be 
increased  in  direct  proportion  to  the  difference  between  their  respective  superficial 
areas.  Nevertheless,  it  is  doubtful  if  any  physiological  significance  can  be  attached 
to  this  resemblance  which,  after  all,  is  merely  superficial,  and,  as  we  have  already 
suggested,  is  apparently  conditioned  by  the  necessarily  large  relative  size  of  the  air- 
bladder.  On  the  other  hand,  the  leverage  of  the  Weberian  ossicles  in  the  Siluridm 
is  very  different  from  that  of  the  Mammalian  auditory  ossicles.  The  approximate 
equality  in  the  length  of  the  two  arms  of  the  lever  in  the  former  case  is  sufficient  to 
prove  that  no  increased  effect  is  gained  in  the  transmission  of  any  form  of  motion 
from  the  walls  of  the  air-bladder  to  the  auditory  organ.  In  fact,  so  far  from  there 
being  any  special  adaptations  in  the  Weberian  mechanism  for  this  purpose,  which 
would  certainly  seem  to  be  necessary  in  the  case  of  sound  transmission,  the  facts  of 
structure  point  quite  in  the  opposite  direction.  The  nature  of  the  ligamentous 
connection  between  the  different  ossicles,  and  the  fact  that  the  movements  of  the 
Scaphia  must  take  place  in  a plane  at  right  angles  to  the  posterior  entrance  of  the 
cavum  sinus  imparls,*  and  the  division  of  the  neck  of  the  sinus  endolymphaticus  into 
the  right  and  left  halves  of  the  ductus  endolymphaticus  at  right  angles  to  the  former, 
seem  better  adapted  to  diminish  rather  than  intensify  the  effect  produced  on  the 
auditory  organ  by  slight  vibrations  or  other  movements  of  the  walls  of  the  air- 
bladder. 

id.)  Hasse  (18),  in  opposing  the  application  of  Weber’s  theory  to  the  Cyprinidre, 
lays  some  stress  on  the  objection  that  the  perilymph  of  the  atrial  cavities  and  cavum 
sinus  imparis  is  contained  within  the  interspaces  of  a reticular  connective  tissue,  and 
therefore  is  ill  adapted  to  transmit  vibrations  to  the  endolymph  of  the  sinus 
endolymphaticus.  This  objection  has  considerable  force  when  applied  to  the  Cyprinidse, 
and  possibly  also  to  many  other  Ostariophysem,  but  is  of  little  moment  so  far  as  the 
Siluridse  are  concerned.  On  this  point  we  quite  agree  with  Eamsay  Wright’s 
remarks  on  the  Siluroid  Amiuriis  catus,  which  ai’e  in  complete  agreement  with  our 
own  observations  on  Maci'ones  nemurus.  He  says,  “but  in  Amiurvs  the  fluid  in  the 
atrium  and  cavum  is  not  imbedded  in  the  meshes  of  the  reticular  tissue,  the  wall  of 
the  saccus  endolymphaticus  is  so  thin  that  any  motion  in  the  surrounding  fluid  must 
disturb  its  contents,  and  the  currents  so  produced  must  certainly  affect  the  neuro- 
epithelium as  much,  if  not  far  more  than  the  currents  produced  by  sound  waves  ” 
(43,  p.  385).  Although  this  statement  to  some  extent  mitigates  the  force  of  Hasse’s 
objection  in  the  case  of  one  particular  family,  yet  in  all  other  cases  the  objection  is  a 
forcible  one,  and  the  exceptional  condition  of  the  Siluridae  in  no  way  lessens  the 


* Hassk  (18)  directs  attention  to  this  point. 
2 N 2 
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strength  of  the  arguments  against  Weber’s  theory  which  we  have  previously  urged, 
and  cannot  but  regard  as  fatal  to  it. 

{e.)  Even  if  the  admission  be  made  that  the  air-bladder  and  its  ossicles  are 
accessory  to  hearing,  the  Fish  could  have  no  power  of  appreciating  the  direction  of 
sounds  conveyed  to  the  internal  ear  by  such  means.  Any  cognizance  of  the  varying- 
directions  from  which  sounds  may  come  is  generally  believed  to  be  due  in  all 
vertebrated  animals  to  the  differential  action  of  the  two  ears,  but  we  have  already 
shown*  that  no  such  action  can  possibly  take  place  in  response  to  impulses  received 
through  the  Weberian  mechanism  in  accordance  with  Weber’s  theory.  It  would, 
therefore,  seem  that  any  increased  acuteness  of  hearing  that  might  be  conferred  on 
the  Fish  by  the  air-bladder  in  its  presumptive  function  as  an  accessory  to  audition, 
would  be  counterbalanced  by  the  fact  that  such  increase  of  auditory  capacity  could 
not  be  associated  with  a corresponding  increase  in  the  power  of  appreciating  the 
direction  of  sounds.  Whatever  may  be  the  physiological  importance  of  the  sense  of 
hearing  in  Fishes,  whether  associated  with  the  pursuit  of  prey,  or  as  an  aid  in 
escaping  from  enemies,  or,  as  in  the  case  of  gregarious  Fishes,  as  a means  of  keeping- 
together  in  shoals  for  breeding  or  other  purposes,  the  power  of  appreciating  the 
direction  of  sounds  must  be  of  primary  importance  in  any  modification  of  the  auditory 
organ  in  the  direction  of  giving  to  its  possessor  exceptional  powers  of  hearing. 

(2.)  Contrary  to  what  might  fairly  be  expected  if  so  complicated  a structure  as  the 
Weberian  mechanism  is  an  accessory  to  hearing,  there  is  absolutely  no  evidence  of  the 
existence  of  exceptional  powers  of  hearing  either  in  the  Siluridae  or  any  other 
Ostariophyseae. 

(3.)  Finally,  it  may  be  aflirmed  that  there  is  an  alternative  view  of  the  function  of 
the  Weberian  ossicles,  which  is  in  perfect  harmony  with  the  facts  of  structure,  and  is 
open  to  none  of  the  objections  which  can  be  reasonably  urged  against  Weber’s  theory, 
and  also,  at  the  same  time,  has  an  important  bearing-  on  the  locomotor  activities  of 
the  Fishes  concerned. 

With  the  reservation  which  the  entire  absence  of  direct  experimental  evidence 
renders  absolutely  necessary,  it  may  be  affirmed  that  the  arguments  set  forth  in  the 
preceding  paragraphs  aie  distinctly  adverse  to  the  theory  that  the  Weberian  ossicles 
are  in  any  way  related  to  the  function  of  audition,  even  to  the  subordinate  and 
qualified  extent  tacitly  suggested  by  Hasse  and  Ramsay  Wright;  and  the  solution 
of  this  difficult  problem  must  be  looked  for  in  some  other  direction. 

Dismissing  sound  production,  equilibration  or  orientation,  respiration  and  audition 
from  all  physiological  connection  with  the  Weberian  ossicles,  we  may  now  consider 
the  sole  remaining  alternative  view — that  the  ossicles  are  accessory  to  the  hydrostatic 
function  of  the  air-bladder.  But  before  dealing  with  this  aspect  of  the  problem  it 
will  be  advisable  to  state  what  is  actually  and  experimentally  known  as  to  the  hydro- 
static function  of  the  air-bladder  in  Fishes  in  general. 

* See  p.  268. 
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One  of  the  earliest  theories  of  the  hydrostatic  function  of  the  air-bladder  with  which 
we  are  acquainted  is  that  propounded  by  Boeelli  in  1685.  According  to  his  theory 
the  function  of  the  air-bladder,  in  its  mean  condition,  is  to  render  the  specific  gravity 
of  the  Fish  equal  to  that  of  the  water  in  which  it  lives,  and  also  aid  the  Fish  in  its 
movements  of  ascent  and  descent  in  the  water,  such  movements  being  due  either  to 
an  increase  in  the  specific  gravity  of  the  animal  as  the  result  of  muscular  compression 
of  the  air-bladder,  or  to  the  diminished  specific  gravity  which  would  result  from 
muscular  relaxation  and  the  consequent  expansion  of  the  contained  gases.*  From 
the  time  of  Boeelli  until  the  publication  of  the  results  of  Moeeau’s  experimental 
researches  in  1876,  the  function  of  the  air-bladder  proved  a fruitful  source  of  discussion 
among  zoologists  and  comparative  physiologists,  among  whom  the  names  of  Dela- 
EOCHE,  CuviEE,  Stannius,  Goueiet,  Owen,  Biot,  Monnoyee,  and  Johannes 
Mullee  may  be  mentioned.  Most  of  these  writers,  however,  adopted  the  theory  of 
Boeelli  with  scarcely  any  modification,  and  with  a like  absence  of  any  attempt  at 
experimental  proof. 

Johannes  Mullee  (28),  while  accepting  Boeelli’s  views  for  Fishes  in  general,  is 
responsible  for  another  theory  as  to  the  hydrostatic  function  of  the  air-bladder  in 
certain  Fishes,  which  has  been  widely  quoted  with  tacit  approval,  but  like  Boeelli’s 
theory,  has  never  received  the  sanction  of  experimental  proof.  Mullee’s  theory  is  : 
that  those  Fishes  (Cyprinidse  and  Characinidm)  in  which  the  air-bladder  is  partially 
constricted  into  an  anterior  and  a posterior  sac,  possess  the  power  by  muscular  con- 
traction of  driving  the  air  from  one  chamber  to  the  other,  and  thus  producing  a 
displacement  of  the  centre  of  gravity  with  reference  to  the  longitudinal  axis  of  the 
animal.  By  this  means  such  Fishes  were  supposed  by  Mullee  to  be  able  by  see- 
saw movements  to  vary  in  a vertical  direction  the  long  axis  of  the  body,  the  fins  then 
causing  the  Fish  to  advance  in  the  new  direction  which  the  axis  of  its  body  had 
taken.t 

More  recently  the  theories  of  Boeelli  and  Johannes  Mullee  have  been  success- 
fully opposed  on  experimental  grounds,  first,  by  Moeeau  (27),  in  1876,  and,  secondly, 
by  Chaebonnel-Salle  (6),  in  1887.  Summarizing  the  conclusions  which  these 
researches  appear  to  justify,  it  may  be  afiirmed  for  Fishes  in  general : — 

(1.)  That  the  function  of  the  air-bladder  is  to  render  the  Fish,  bulk  for  bulk,  of  the 
same  weight  as  the  medium  in  which  it  lives.|  In  this  mean  condition,  or  plane  of 


* It  is  worthy  of  notice  that  the  theory  usually  associated  with  the  name  of  Boeelli  is  practically 
identical  with  one  propounded  by  the  authors  of  two  papers  in  the  ‘ Phil.  Trans.’  for  1675,  and  therefore 
published  several  years  earlier  than  the  former.  See  “ Conjecture  concerning  the  Bladders  of  Air  found 
in  certain  Fishes,”  and  illustrated  by  an  experiment  suggested  by  the  Hon  Robert  Boyle;  and  also 
“ On  the  Swimming  Bladders  in  Fishes,”  by  Mr.  Ray  (loc.  cit.). 

+ Monnoyee  (26)  on  purely  theoretical  grounds  also  adopted  Muller’s  theory,  but  admits  his  inability 
to  support  his  conclusions  by  any  experimental  evidence. 

X The  experiments  of  Delaroche  (11a)  prove  that  a Fish  without  an  air-bladder  has  a den.sity  always 


278 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDOX 


least  effort,  the  Fishes  acquire  a capacity  for  the  maximum  amount  of  locomotion  with 
a minimum  of  muscular  effort.* 

(2.)  In  its  movements  of  ascent  and  descent  the  Fish  becomes  exposed  to  augmented 
or  diminished  pressure,  which  in  each  case  vai'ies  in  amount  according  to  the  variable 
height  of  the  superimposed  column  of  water,  and  this  leads  to  an  expansion  or  con- 
traction of  the  air  in  the  air-bladder,  and  consequently  to  an  increase  or  diminution  in 
the  volume  of  the  Fish  itself,  and  thereby  to  a corresponding  alteration  in  its  specific 
gravity,  which  may  temporarily  remove  the  animal  from  its  normal  plane  of  least  effort. 

(3.)  The  Fish  has  no  power  of  varying  the  capacity  of  its  air-bladder  by  direct 
muscular  contraction,  and  its  re-adjustment  to  a new  plane  of  least  effort  results  from 
a gradual  increase  or  decrease  in  the  amount  and  volume  of  the  contained  air  to  an 
extent  proportional  to  the  new  pressure,  and  due  to  a corresponding  modification  of 
the  processes  concerned  in  the  secretion  or  absorption  of  gas  into  or  from  the  air- 
bladder.  Hence,  by  this  apparently  automatic  method  of  adjustment  the  Fish  will 
find,  sooner  or  later,  and  whatever  the  depth  of  the  water  and  the  amount  of  external 
hydrostatic  and  atmospheric  pressure,  a plane  of  least  effort  where  it  will  again 
possess  exactly  the  density  of  the  water, 

(4.)  That  Johannes  Muller’s  theory  of  the  displacement  of  the  centre  of 
gravity  upon  a longitudinal  axis  in  the  case  of  Fishes  with  a two-chambered  air- 
bladder  has  no  foundation  in  fact. 

The  conclusions  embodied  in  the  preceding  sections  relate  more  particulai’ly  to  the 
Physoclisti — by  far  the  largest  group  of  Teleostean  Fishes — but  it  may  be  pointed 
out  that  in  a general  way  they  apply  also  to  the  Physostomi  with,  however,  the 
qualification  that  in  the  great  majority  of  the  latter  group  the  mechanical  liberation 
of  gas  through  the  ductus  pneumaticus  takes  the  place  of  absorption  as  a means  of 
adjustment  to  reduced  pressures. 

Although  an  air-bladder  is  unquestionably  an  advantage  to  the  generality  of  Teleos- 
tean Fishes,  there  can  be  no  doubt  that  its  presence  is  also  attended  by  certain 
disadvantages  which  to  a greater  or  less  extent  limit  and  control  the  locomotor 
activities  of  its  possessor,  and  that  of  these  the  most  important  is  the  restriction 
of  freedom  of  locomotion  in  the  vertical  direction,  and  the  consequent  limitation 
of  ordinary  locomotion  within  more  or  less  well  defined  limits  above  or  below  a 
tolerably  constant  mean  position.  As  Moreau  says,  when  a Fish  is  in  a plane  of 
least  effort  the  possession  of  an  air-bladder  is  a distinct  advantage,  but  for  rapid 
changes  of  level,  as  in  movements  of  ascent  or  descent,  the  air-bladder  may  prove  a 
considerable  disadvantage  or  even  a source  of  danger.  In  a Fish,  he  remarks,  which 
is  exposed  to  artificially  diminished  pressure  the  air  contained  in  the  air-bladder  will 


greater  than  that  of  the  water,  and  consequently  is  never  in  equilibrium,  but  must  constantly  use  its  fins 
to  prevent  itself  from  sinking. 

* A Fish  in  equipoise  in  the  water  resembles  the  philosophical  toy  known  as  the  “ Carthusian 
Diver,”  and  the  slightest  exertion  of  its  fins  will  readily  cause  motion  in  the  vertical  direction. 
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tend  to  assume  and  retain  an  augmented  volume,  and  so  lessen  the  specific  gravity 
of  the  animal  that  it  rises  to  the  surface  and  can  only  rest  with  jDart  of  its  body 
in  the  air.  A Fisli,  Moreau  adds,  incurs  more  danger  by  rising  above  its  plane  of 
equilibrium  than  by  sinking  below  this  plane  for  the  same  vertical  distance.  On  this 
point  'reference  may  be  made  to  Semper’s  remarks  (34,  p.  340)  on  the  behaviour  of 
the  “Kilch”  {Coregonus  liiemalis)  when  caught  in  nets  and  drawn  to  the  surface.* 
A further  proof  of  Moreau’s  conclusions  is  also  afforded  by  the  appearance  of  certain 
Fishes  when  forcibly  drawn  up  or  carried  to  the  surface  from  great  depths,  or  even 
when  trawled  from  quite  moderate  depths,  both  the  air-bladder  and  body  being 
greatly  distended,  the  former  not  unfrequently  ruptured,  while  there  is  often  a 
prolapsus  from  the  mouth  or  anus  of  the  contiguous  portions  of  the  alimentary  canal. 
It  is  perhaps  not  unreasonable  to  suppose  that  a Fish,  while  under  normal  conditions 
and  free  in  the  water,  is  liable  to  accidents  similar  in  kind  if  less  in  degree  to  those 
caused  artificially  by  experiment  whenever  it  ventured  upon  rapid  vertical  movements 
in  the  direction  of  ascent,  accompanied  by  a marked  reduction  of  pressure.  The 
restriction  of  the  vertical  range  of  the  Fish  is  clearly  due  to  the  slowness  with  which 
the  necessary  secretion  or  absorption  of  gas  takes  place,  and  the  facts  above  quoted 
are  in  complete  agreement  with  Moreau’s  experiments,  from  which  it  would  appear 
that  the  adjustment  of  the  volume  of  gas  in  the  air-bladder  to  varying  pressures  is  a 
comparatively  slow  process,  the  length  of  which,  however,  varies  greatly  in  different 
Fishes,  and  under  different  conditions  in  the  same  Fish.  In  vertical  movements, 
whether  slow’  or  rapid,  as  long  as  they  are  confined  within  certain  limits,  the  action  of 
the  fins  may  prove  a suflScient  safeguard  against  the  evil  results  of  a too  great  or  a 
too  low  specific  gravity,  but  in  more  extensive  movements,  more  particularly  of 
ascent,  the  controlling  action  of  the  fins  may  be  utterly  inadequate  to  prevent  the 
Fish  incurring  considerable  danger  in  the  way  suggested  above.  Hence,  it  may  be 
concluded  that  in  the  generality  of  Teleostean  Fishes,  and  more  particularly  in  the 
Physoclisti,  the  possession  of  an  air-bladder  tends  to  greatly  restrict  freedom  of  loco- 
motion in  the  vertical  direction. 

From  the  conclusions  established  by  Moreau  and  Charbonnel-Salle,  it  becomes 
obvious  that  the  varying  degrees  of  tension  of  the  gaseous  contents  of  the  air-bladder 
due  to  variations  in  the  height  of  the  superincumbent  column  of  w'ater,  constitute  an 
important  factor  in  the  physiology  of  locomotion  in  Fishes,  and  hence,  in  the  absence 
of  any  other  tenable  hypothesis  as  to  its  function,  there  is  a strong  a piiom  pro- 
bability that  the  object  of  the  Weberian  mechani.sm  is  to  acquaint  the  Fish  with  the 
varying  degrees  of  tension  to  which  the  air-bladder  may  be  subjected.  Hasse  (18), 
who  was  the  first  to  oppose  the  then  prevalent  idea  of  the  air-bladder  and  Weberian 
ossicles  in  the  Ostariophysese  being  accessory  to  audition,  without,  however,  entirely 
excluding  the  possibility  that  such  might  be  the  case  in  some  subordinate  degree,  was 
also  the  first  to  suggest  that  the  object  of  the  mechanism  was  to  acquaint  the  Fish 

* .See  also  on  the  same  subject  R.  Owen  (30,  p.  496). 
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with  the  vaiying  tensions  of  the  gases  contained  in  the  alr-hladder.  It  is  clear, 
however,  that  the  Fish  is  not  only  exposed  to  varying  hydrostatic  pressures  according 
to  the  depth  at  which  it  lives,  but,  at  the  same  time  also,  to  similar  variations  of 
atmospheric  pressure.  According  to  Hasse’s  view  it  is  the  perception  of  hydrostatic 
pressure  variations  with  which  the  Weberian  mechanism  is  more  directly  concerned. 
The  late  Dr.  Sagemehl  (33)  also  adopted  Hasse’s  theory,  at  least  so  far  as  to 
regard  the  Weberian  apparatus  as  constituting  a register  of  pressure  variations,  but 
with  this  important  modification,  that  it  is  not  hydrostatic  but  atmospheric  pressure 
which  the  Fish  is  thereby  enabled  to  appreciate.  Postponing  for  the  present  any 
further  reference  to  Hasse’s  theory,  it  becomes  necessary  to  ascertain  what  measure 
of  truth  there  may  be  in  Sagemehl’s  barometrical  theory,  more  especially  as  it  has 
not  hitherto  been  the  subject  of  any  critical  examination. 

Apart  from  certain  anatomical  features  in  the  structure  of  the  air-bladder  in  the 
Siluridm  on  which  he  lays  considerable  stress,  but  which  are  equally  reconcilable  with 
Hasse’s  views,  the  only  special  reason  advanced  by  Sagemehl  in  support  of  his 
barometrical  theory  is  that  most  of  the  Ostariophyseae,  and  especially  the  Silurida3, 
live  at  the  bottom  of  the  water,  and  hence  an  air-bladder  as  a hydrostatic  organ  is 
of  very  little  value  to  them.  We  must  confess  that  we  fail  to  see  that  the  argu- 
ments with  which  he  supports  his  ingenious  theory  are  conclusive  or  even  weighty, 
and  in  opposition  it  may  be  urged  : — 

(1.)  That  the  majority  of  the  Ostariophyseae  are  certainly  not  “bottom”  or 
“ground”  Fishes  in  the  same  sense  as,  for  example,  are  the  Pleuronectidae,  and 
unless  they  habitually  rest  on  the  bottom  when  not  in  motion  by  the  exercise  of 
their  fins  like  the  Flat  Fishes,  it  is  clear  that  an  air-bladder  as  a hydrostatic  organ 
must  be  as  useful  to  them  as  to  other  Fishes.  Moreover,  there  are  many  facts  which 
tend  to  prove  that  whenever  any  Ostariophyseae  assume  a strictly  “ground”  habit, 
as,  for  example,  in  the  Loaches  {Nemachilus,  Cohitis,  Botia,  &c.)  among  the 
Cyprinidae,  and  such  forms  as  Glyptosternum,  Exostoma,  Euclyptosternum,  Amblyceps, 
&c.,  in  the  Siluridae,  the  air-bladder  necessarily  becomes  useless  for  hydrostatic 
purposes,  and  invariably  undergoes  more  or  less  degeneration,  just  as  it  does  in  many 
other  Teleostei  {e.g.,  Pleuronectidae)  under  similar  conditions,  whereas  by  far  the  great 
majority  of  both  families  possess  well  developed  and  normally  constructed  bladders. 

(2.)  To  a Fish  at  a depth  of,  say  only  6 feet  below  the  surface  of  the  water,  a 
variation  of  atmospheric  pressure  sufficient  to  raise  or  depress  a column  of  mercury  in 
a barometer  to  the  extent  of  half-an-inch  will  only  involve  a variation  of  pressure 
amounting  to  less  than  one-tenth  of  the  already  existing  hydrostatic  pressure,  and 
even  this  trifling  difference  will  become  relatively  smaller  as  the  depth  at  which  the 
Fish  lives  becomes  greater,  while  the  ascent  or  descent  of  the  Fish  in  the  water  to 
the  extent  of  only  7 inches  "would  certalidy  mask  any  variation  of  atmospheric  pressure 
to  the  extent  indicated.  A barometrical  variation  of  even  half-an-inch  takes  place 
but  slowly,  and  consequently  could  only  be  appreciated  as  distinct  from  hydrostatic 
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pressure  on  the  somewhat  improbable  supposition  that  the  Fish  remained  at  exactly 
the  same  depth  during  the  whole  time  that  the  barometrical  variation  was  in  progress. 
The  maximum  range  of  variation  in  atmospheric  pressure,  as  measured  by  the 
barometer,  is  about  2 inches,  but  such  variations  occur  only  at  considerable  intervals 
of  time,  and  then  may  take  many  hours  to  accomplish.  But  even  in  this  extreme 
case  the  atmospheric  pressure  variation  might  be  negatived  as  far  as  the  Fish  was 
concerned  by  ascent  or  descent  in  the  water  to  the  extent  of  27  inches,  or  more  or 
less  completely  masked  by  similar  movements  of  less  extent  during  ordinary  loco- 
motion, or  by  the  rise  and  fall  of  the  tide  in  the  case  of  a few  marine  or  estuarine 
Siluridse. 

We  have  not  been  able  to  examine  any  records  relating  to  barometrical  variations  in 
regions  where  the  Siluridae  or  Characinidae  are  most  abundant,  but  the  extent  to  which 
the  Ostariophyseae  of  the  British  Isles  are  exposed  to  atmospheric  pressure  variations 
may  be  readily  tested.  The  only  Ostariophyseae  inhabiting  Great  Britain  are  the 
Cyprinidae,  the  various  species  of  which  are  among  the  commonest  and  most  abundant 
of  British  Fishes  of  fresh- water  habitat.  Ten  genera  and  fifteen  species  of  Cyprinidae 
are  known  to  inhabit  this  country  (10a),  and,  omitting  certain  genera^^  which  have 
small  bone-encapsuled  air-bladders,  there  will  still  remain  eight  genera  and  thirteen 
species  with  normal,  well-developed  air-bladders  in  connection  with  a Weberian 
apparatus.  It  may,  therefore,  be  worth  while  to  ascertain  the  extent  and  variety  of 
the  barometrical  changes  to  which  these  Fishes  are  liable.  With  this  object  we 
carefully  examined  the  variations  of  the  barometer  as  registered  by  the  barograph 
of  the  Birmingham  and  Midland  Institute  Observatory  during  the  three  years 
1886-1888.  These  records  demonstrate  (1)  that  variations  of  *50  inch  and  upwards 
very  rarely  occur  in  less  time  than  10  hours,  and  generally  require  from  12  to 
24  hours  for  their  completion.  In  the  three  years  on  only  two  occasions  did  a 
variation  so  great  as  ‘50  inch  occur  in  less  time  than  10  hours;  (2)  variations 
amounting  to  *50  inch  and  upwards  in  24  hours  are  not  common,  occurring  only 
fifteen  times  in  1886,  fourteen  in  1887,  and  seven  times  in  1888  ; (3)  in  only  one 
instance  did  a barometrical  rise  or  fall  exceed  1 inch  in  24  hours ; excluding  this 
very  exceptional  case,  the  most  striking  variations  within  this  period  ranged  from 
•60  inch  to  '82  inch,  and  required  from  15  to  24  hours  for  their  completion;  such 
variations  happened  but  seldom,  and  are  recorded  only  nine  times  in  1886,  four  in 
1887,  and  four  in  1888;  (4)  rapid  and  sudden  variations,  that  is,  those  occurring 
within,  say,  2-5  hours,  are  somewhat  rare,  and,  almost  invariably,  are  very  small  in 
amount,  rarely  exceeding  ‘2  inch.  It  may  be  reasonably  concluded,  therefore,  that, 
so  far  as  the  Cyprinidae  of  the  British  Isles  are  concerned,  the  variations  of  atmospheric 
pressure  to  which  they  are  liable  are  too  small  in  amount,  too  gradual  in  their  pro- 
gress, and  too  infrequent  to  exert  any  appreciable  influence  upon  an  air-bladder 
already  subjected  to  considerable  hydrostatic  pressure,  especially  as  tlie  latter,  instead 

* Cohiiis  and  Nemacldlns. 
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of  being  a constant  factor,  varies  incessantly  with  almost  every  locomotor  movement 
of  these  usually  active  Fishes,  while  the  Fish  can  have  no  power  of  differentiating  the 
effects  due  to  the  incidence  of  the  two  pressures.  It  also  seems  reasonable  so  far  to 
extend  this  conclusion  as  to  infer  that  if  the  extent  and  variety  of  the  barometrical 
variations  above  recorded  may  be  regarded  as  fairly  typical  of  temperate  or  North 
temperate  regions,  the  application  of  Sagemehl’s  theory  to  the  large  number  of  species 
of  Cyprinidae  which  inhabit  these  areas  must  be  open  to  very  grave  objections  ; and  it 
is  at  least  not  improbable  that  a substantially  similar  line  of  argument  may  be  applied 
wdth  equal  force  in  the  case  of  the  remaining  Ostariophj^seae  which  are  of  tropical  or 
subtropical  habitat. 

(3.)  There  is  no  clear  evidence  that  the  Ostariophysese  are  in  any  way  different 
from  other  Fishes  in  being  specially  susceptible  to  atmospheric  pressure  variations,  or 
that  they  possess  any  special  capacity  for  anticipating  impending  changes  in  the 
weather.  The  only  instance  that  we  have  been  able  to  discover  has  reference  to  the 
European  “ Sheat  Fish  ” [Silurus  glanis),  whicli  is  said  to  become  greatly  disturbed 
during  the  progress  of  thunderstorms  (28a).  But  this  isolated  case  certainly  does  not 
w’arrant  the  assumptioii  that  the  air-bladder  and  Weberian  mechanism  are  at  all  con- 
cerned in  conveying  the  necessary  stimulus  to  the  nervous  system  of  the  Fish,  inas- 
much as  at  least  two  alternatives  present  themselves  : — (1)  One  suggested  by 
Murray,  namely,  that  the  Fish  is  excited  by  electricity.  This  is  extremely  improb- 
able, and  is  rendered  more  so  when  we  recall  the  fact  that  electrical  currents  do  not 
readily  pass  from  the  atmosphere  into  water — especially  fresh  water.  (2)  The  more 
probable  alternative  is  that  thunder,  as  is  wmll  known,  causes  considerable  earth 
tremblings,  which  may  be  easily  conceived  as  a possible  source  of  uneasiness  to  the 
Fish. 

(4.)  Even  if  the  truth  of  Sagemehl’s  theory  be  admitted,  it  still  remains  very 
difficult  to  imagine  what  advantage  these  Fishes  could  derive  from  their  ability  to 
appreciate  variations  in  the  pressure  of  the  atmosphere  and  consequent  impending 
changes  in  the  w’eather,  nor  is  it  easy  to  conceive  in  what  way  the  Fish  can  adjust  its 
habits  or  its  locomotor  activities  in  accordance  with  varying  meteorological  conditions. 
It  might  possibly  be  advantageous  for  certain  marine  species  of  active  habit  to  be 
able  to  anticipate  a storm  and  retreat  to  deeper  and  calmer  waters ; but  even  this 
advantage  could  only  apply  to  very  few  of  the  Fishes  in  wdiich  a Weberian  mechanism 
is  pj’esent,  and  would  be  altogether  superfluous  in  the  case  of  the  fresh-water  species 
which  form  by  far  the  great  majority  of  the  four  or  five  families  concerned. 

If  we  regard  Sagemehl’s  barometrical  theory  as  untenable,  there  remains  only 
Hasse’s  view  that  the  Weberian  mechanism  constitutes  a register  of  varying  hydro- 
.slatic  pressures,  and  this,  in  our  opinion,  is  the  only  conclusion  that  has  any  foundation 
in  fact.  Seeing  that  the  primary  and  almost  universal  function  of  the  air-bladder,  in 
spite  of  the  occasional  and  secondary  functions  that  may,  in  a relatively  small  number 
of  Fishes,  be  grafted  upon  it,  is  that  of  acting  as  a hydrostatic  organ,  there  is  a strong 
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antecedent  probability  that  the  Weberian  ossicles  are  directly  related  to  this  function. 
The  general  structure  of  the  air-bladder,  the  mode  of  interconnection  of  the  different 
Weberian  ossicles,  and  their  relations  both  to  the  air-bladder  and  to  the  internal  ear, 
as  well  as  the  relations  inter  se  of  the  different  parts  of  the  two  last-mentioned 
structures,  are  perfectly  consistent  with  this  theory,  against  which  no  anatomical 
objections  can  be  urged,  and  are  equally  inconsistent  with  any  other  at  present 
suggested. 

The  division  of  the  air-bladder  into  a small,  elastic,  and  expansible  anterior  portion, 
and  a relatively  large,  inelastic,  and  inexpansible  posterior  division,  renders  that  organ 
admirably  adapted  for  the  measurement  of  the  varying  volumes  of  the  contained  gases, 
inasmuch  as  the  volumetric  variations  in  the  relatively  large  volume  of  gas  contained  in 
the  whole  bladder  will  find  their  expression  almost  exclusively  in  corresponding  altera- 
tions in  the  size  of  the  anterior  chamber  through  the  expansion  or  contraction  of  its 
lateral  walls,  which  alone  are  directly  connected  with  the  recording  Weberian  ossicles. 
Regarded,  in  fact,  as  an  article  of  physical  apparatus,  the  air-bladder  may  be  compared 
with  such  instruments  as,  for  example,  the  thermometer,  by  which  the  expansion  or 
contraction  of  mercury  or  alcohol  under  the  influence  of  changes  of  temperature  is 
accurately  measured.  In  both  instruments  there  is  a relatively  large  reservoir  in  free 
communication  with  a much  smaller  one,  and  the  expansion  or  contraction  of  the 
relatively  large  mass  of  gas,  or  fluid,  as  the  case  may  be,  in  the  larger  chamber  is 
measured  by  the  more  readily  observed  expansion  or  contraction  of  the  contents  of 
the  smaller  chamber ; and  hence,  there  is  a close  functional  parallelism  between  the 
anterior  and  posterior  divisions  of  the  air-bladder  and  the  capillary  tube  and  bulb  of 
a thermometer  respectively.  Similarly  it  may  also  be  said  that  the  anterior  chamber 
of  the  air-bladder  is,  to  some  extent,  constructed  on  the  principle  of  an  aneroid  baro- 
meter, inasmuch  as  the  susceptibility  of  the  recording  lever  (Weberian  ossicles), 
connected  with  the  former  to  the  varying  volumes  of  the  contained  gases,  is  consider- 
ably increased  by  the  comparative  rigidity  of  its  anterior,  posterior,  dorsal,  and  ventral 
walls  and  the  consequent  restriction  of  any  expansion  or  contraction  to  movements 
of  its  lateral  walls  alone,  in  much  the  same  way  that  the  expansion  or  contraction  of 
the  air  contained  within  the  metallic  box  of  the  aneroid  will  find  its  sole  expression  in 
corresponding  movements  of  the  flexible  iq3per  wall  of  the  box,  which  alone  is  capable 
of  transmitting  such  internal  volumetric  changes  to  the  external  recording  lever ; in 
fact,  in  a certain  sense  it  may  be  said  that  the  air-bladder  of  the  Ostariophysem 
combines  the  structural  principles  of  both  the  thermometer  and  the  aneroid  barometer. 
The  varying  relative  dimensions  of  the  anterior  and  posterior  chambers  of  the  air- 
bladder  in  different  Siluridm  very  probably  bear  some  relation  to  corresponding  varia- 
tions in  the  delicacy  of  the  Weberian  mechanism  as  a pressure  register  in  various 
species,  for,  as  is  the  case  with  the  analogous  parts  of  the  tliermometer,  the  suscepti- 
bility of  the  mechanism  should,  within  certain  limits,  increase  as  the  |)osterior  chambers 
become  larger  and  the  anterior  chamber  smaller. 
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The  conclusion  to  which  these  facts  seem  irresistibly  to  point  is  still  further 
strengthened  by  the  condition  of  the  air-bladder  and  Weberian  mechanism  in  the 
Sihiridae  abnormales,  but  as  we  shall  subsequently  have  occasion  to  refer  to  these 
Siluroids  at  some  length,  we  need  now  only  say  that  in  a large  number  of  cases  the 
degenerate  and  rudimentary  condition  of  these  structures  is  associated  with  the 
purely  “ ground  ” habit  of  these  Fishes.  It  is  well  known  that  the  assumption  of  a 
ground  habit  is  in  many  Fishes  accompanied  by  the  degeneration,  or  even  total  dis- 
appearance, of  the  air-bladder,  which,  under  such  conditions,  becomes  useless  as  a 
hydrostatic  organ,  even  if  its  retention  is  not  distinctly  harmful  to  the  species,  and 
hence  its  liability  to  degenerate  to  the  condition  of  a more  or  less  rudimentary 
structure,  or  become  completely  suppressed.  The  correlation  of  a similar  habit  of 
life  with  degeneration  of  the  air-bladder  and  Weberian  mechanism  in  the  particular 
case  of  the  Siluridre  abnormales,  seems  to  us  to  furnish  almost  conclusive  evidence 
that  both  organs  are  solely  related  to  the  normal  hydrostatic  function.  As  an 
accessory  to  audition,  or  even  as  a register  of  varying  atmospheric  pressures,  or, 
indeed,  as  fulfilling  any  purpose  other  than  the  hydrostatic  function,  the  air-bladder 
and  Weberian  mechanism  might  still  be  of  some  utility  to  these  Fishes  in  spite  of 
their  change  of  habit,  and  therefore  need  not  degenerate,  but  the  fact  that  these 
structures  do  degenerate  under  such  conditions  seems  to  us  to  be  only  reconcilable 
with  the  conclusion  at  which  on  other  grounds  we  have  arrived. 

Considered  solely  from  an  anatomical  standpoint,  and  with  the  qualification  which 
the  absence  of  direct  experimental  evidence  imperatively  demands,  it  may  be 
affirmed  that  Hasse’s  theory  is  correct,  and  that  the  Weberian  mechanism  is  a 
pressure  register  serving  to  acquaint  the  Fish  with  the  varying  tensions  or  volumes 
of  the  gases  contained  within  its  air-bladder,  the  result  of  corresponding  variations 
of  the  hydrostatic  pressure.  As  it  is  inconceivable  that  such  pressure  variations  can 
arise  from  any  other  cause  than  the  ascent  or  descent  of  the  Fish  in  the  water  in  the 
course  of  the  oi’dinary  locomotor  movements,  it  may  be  further  concluded  that  the 
Weberian  mechanism  is  related  to  some  form  of  pressure  adjustment. 

3.  If  the  conclusion  at  which  we  have  arrived  be  admissible,  the  further  question  — 
What  advantage  does  the  Fish  derive  from  the  possession  of  a pressure  register  by 
which  it  becomes  acquainted  with  the  varying  degrees  of  hydrostatic  pressure  to 
which  it  is  exposed  ? or.  In  what  way  does  the  animal  respond  to  the  sensory  impulses 
communicated  to  its  central  nervous  system  by  the  Weberian  mechanism  and  the 
co-adapted  parts  of  the  internal  ear  ? is  one  to  which  it  is  very  difficult  to  return  a 
satisfactory  answer.  That  the  Weberian  mechanism  is  of  great  functional  importance 
to  the  Fish  possessing  it  admits  of  no  doubt.  It  is  extremely  improbable  that  so 
complicated  and  highly  specialized  a mechanism  would  have  been  evolved  did  it  not 
confer  some  exceptional  advantage  upon  its  possessors,  and  that  this  is  the  case  seems 
to  be  clearly  demonstrated  by  the  significant  fact  that  the  presence  of  a Weberian 
mechanism  is  characteristic  of  nearly  all  the  dominant  families  of  freshwater  Teleostei. 
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Some  light  may  possibly  be  thrown  on  this  difficult  question  by  a closer  comparison 
of  what  is  experimentally  known  of  the  methods  of  pressure  adjustment  in  Fishes  in 
general,  and  in  the  Ostariophysese,  than  has  hitherto  been  made  ; and  if  no  satis- 
factory conclusion  can  be  arrived  at  in  this  way,  some  clue  at  least  may  be  gained  a® 
to  the  direction  in  which  the  solution  of  the  problem  must  be  sought  for  in  the 
future. 

Gaseous  secretion  and  absorption  are,  as  we  have  seen,  highly  important  factors  in . 
the  majority  of  Fishes  in  the  adjustment  of  the  volume  of  gas  in  the  air-bladder 
to  varying  hydrostatic  pressures,  and  the  conditions  under  which  these  pressures  take 
place,  have  been  experimentally  investigated  by  Moreau.  Of  the  conditions  which 
determine  an  increase  in  the  rate  of  secretion  of  gas  into  the  air-bladder,  the  most 
important  are  (1)  repeated  abstraction  of  gas;  (2)  increase  of  external  pressure 
(3)  section  of  sympathetic  nerve ; and  (4)  the  presence  in  the  wails  of  the  bladder 
of  special  retia  mirabilia,  or  “ vaso-ganglia.”  The  process  of  absorption,  on  the 
other  hand,  is  not  so  well  understood,  but  certain  conditions  undoubtedly  favour 
its  action  ; these  are  (l)  diminution  of  pressure,  and  (2)  the  existence  of  retia 
mirabilia.  It  will  be  obvious  that  the  rapidity  with  which  the  amount  of  gas  in  an 
air-bladder  can  be  augmented  or  diminished  by  secretion  or  absorption,  is  an 
important  feature  in  this  discussion,  for  on  this  will  depend  the  capacity  of  the  Fish 
to  adjust  itself  to  the  varying  pressures  of  different  levels  in  ordinary  locomotion ; 
but  unfortunately  Moreau’s  experiments  do  not  throw  much  light  on  the  precise 
rate  at  which  these  processes  take  place.  In  many  of  his  experiments,  as,  for 
example,  in  those  dealing  with  secretion,  the  amount  of  gas  previously  abstracted 
was  often  so  great  that  the  time  occupied  by  the  process  of  secretion  to  restore 
equilibrium  varied  in  different  Fi.shes  from  several  hours  to  several  days,  and  similarly 
with  absorption.  No  attempt  has  yet  been  made  to  obtain  accurate  measurements 
of  the  precise  rate  of  secretion  and  absorption,  under  conditions  involving  relatively 
small  and  gradual  variations  of  level  and  pressure.  Tliree  important  facts  appear 
however  to  be  well  established  : (1)  that  gaseous  secretion  and  absorption  are 
relatively  slow  processes  in  all  Fishes ; (2)  that  although  retia  mirabilia  are  not 
indispensable  to  these  processes,  there  can  be  no  doubt  that  both  take  place  much 
more  rapidly  in  Fishes  that  possess  such  structures  than  in  those  in  which  they  are 
wanting ; and  (3)  that  increased  hydrostatic  pressure  accelerates  the  rate  of  secretion, 
while  diminished  pressure  exerts  a similar  influence  on  absorption.  With  such  data 
as  these  and  other  facts  supply,  we  may  consider  more  closely  the  methods  by  wliich 
in  different  Fislies  the  process  of  pressure  adjustment  is  effected. 

In  the  case  of  the  Physoclisti,  which  very  generally  pos.sess  retia  mirabilia,  but  no 
ductus  pneumaticus,  gaseous  secretion  and  absorption  must  be  the  only  means  of 

* The  effect  of  pressure  on  the  secietion  of  oxygen  is  well  illustrated  by  the  observations  of  Bior  (2), 
who  found  that  the  amount  of  this  gas  in  the  air-bladder  increases  in  direct  proportion  to  the  depth  at 
which  the  Fish  is  found,  and  may  even  amount  to  87  per  cent. 
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adjustment  to  varying  hydrostatic  pressures,  but  how  far  this  method  is  available 
during  the  changes  of  level  which  are  encountered  in  ordinary  locomotion  is  very 
doubtful,  and  on  this  point  two  suggestions  may  be  made  : — (1)  It  may  be  possible 
that  the  increase  of  external  pressure  which  accompanies  descent,  conditions  an 
increased  rate  of  secretion,  while  a diminution  of  pressure  during  ascent  involves 
a like  acceleration  of  the  absorptive  process,  with  the  result  that  if  such  vertical 
. movements  are  not  too  rapid  or  sudden,  or  too  extensive,  the  processes  of  secretion 
or  absoi’ption  may  keep  pace  with  them,  and  the  Fish  retain  a plane  of  equilibrium 
at  all  levels ; (2)  without  entirely  denying  that  the  former  suggestion  may  be  true  in 
some  subordinate  degree,  it  may  yet  be  conjectured  that  pressure  adjustment  by 
such  means  is  more  likely  to  be  of  advantage  to  the  Fish  during  slow  or  gradual 
changes  of  depth,  such  as  may  occur  in  the  course  of  diurnal,  seasonal,  or  other 
periodic  migrations,  than  in  such  ordinary  and  rapid  changes  of  level  as  are  charac- 
teristic of  normal  locomotion.  The  slow  rate  of  gaseous  secretion  and  absorption 
renders  it  difficult  to  accept  unreservedly  the  first  alternative,  and  this  objection 
is  further  supported  by  many  features  in  their  habits,  which  tend  to  prove  that  most 
Physoclisti  have  but  a comparatively  restricted  vertical  range,  in  so  far  as  ordinary 
locomotor  movements  are  concerned,  as  well  as  by  certain  facts  already  quoted.* 
The  second  suggestion  has  also  this  much  in  its  favour  — that  even  a slow  rate  of 
secretion  and  absorption  would  be  distinctly  advantageous  to  these  Fishes  in  view 
of  the  varying  pressures  to  which  they  are  exposed  during  periods  of  migration, 
whether  the  latter  are  due  to  variations  in  temperature  and  food  supply,  or  to  their 
breeding  habits.  On  the  whole  we  incline  to  the  opinion  that  most  Physoclists  have 
but  a restricted  capacity  for  pressure  adjustment  during  ordinary  locomotion,  and, 
in  this  respect,  are  less  favourably  situated  than  the  Physostomi. 

Leaving  the  Physoclists,  we  may  next  proceed  to  discuss  in  the  light  of  Moreau’s 
researches  the  mode  in  which  pressure  adjustment  is  effected  in  the  Physostomi.  The 
great  majority  of  the  wholly  or  partially  freshwater  families  of  this  group  possess  both 
an  air-bladder  and  an  open  ductus  pneumaticus,  and  to  these  there  is  added,  in  the 
five  families  of  Ostariophyseae,  a Weberian  mechanism.  The  relatively  few  Physo- 
stomi that  possess  an  air-bladder  but  have  no  pneumatic  duct,  are  in  precisely  the  same 
position  as  the  majority  of  the  Physoclisti,  and  whatever  capacity  for  pressure 
adjustment  they  may  possess  must  be  due  solely  to  gaseous  secretion  and  absorption. 
Of  the  remainder  it  will  be  convenient  to  consider,  in  the  first  place,  the  Ostario- 
physeae,  and,  secondly,  those  forms  in  which  the  air-bladder  is  said  to  possess  an  open 
ductus  pneumaticus,  but  has  no  Weberian  apparatus. 

From  the  universal  absence  of  retia  mirabilia  in  all  hitherto  investigated  Ostario- 
physese,  it  may  be  legitimately  inferred  that  whatever  capacity  for  gaseous  secretion 
and  absorption  they  may  possess  must  be  exercised  with  extreme  slowness,  and 
therefore  as  a means  of  pressure  adjustment  is  of  minor  importance.  On  the  other 

* See  p.  278. 
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hand,  Moreau’s  researches  clearly  demonstrate  that  those  Ostariophyseae  with  which 
he  experimented,  possessed  the  compensating  advantage  of  being  able  to  substitute 
for  absorption  the  mechanical  liberation  of  gas  through  the  ductus  pneumaticus. 
This  conclusion  is  also  supported  by  many  observations  which  go  to  prove  that  while 
free  in  the  water  and  under  normal  conditions,  many  Cyprinidae  eject  gas  through 
the  mouth  on  rising  to  the  surface.  Hence  it  follows  that  such  Physostomi  possess  a 
distinct  advantage  over  all  Physoclisti  in  the  fact  that  they  can,  during  ascent,  more 
rapidly  adjust  the  volume  of  gas  in  the  air-bladder  to  the  requirements  of  a 
diminishing  pressure  by  liberating  the  necessary  quantity  of  gas  than  by  relying 
solely  on  the  slow  process  of  absorption,  and  consequently  will  retain  perfect  freedom 
of  movement  at  all  points  in  the  course  of  an  upward  career,  even  at  the  most 
superficial  level.  But  while  it  must  be  admitted  that  in  movements  of  ascent  the 
Ostariophyseae  possess  a distinct  advantage  over  all  Physoclisti,  it  is  equally  clear 
that  in  descent  the  converse  must  be  true,  inasmuch  as  the  absence  of  retia  mirabilia 
in  the  former  group  will  render  the  process  of  adjustment  to  an  augmented  pressure  a 
much  slower  one  than  is  probably  the  case  in  the  latter.  On  the  other  hand,  as 
Moreau  points  out,  a Fish  will  incur  more  danger  by  rising  above  the  plane  of  least 
effort  than  by  sinking  below  it  for  the  same  distance.  It  is  conceivable  that  a 
Physoclist  in  the  course  of  rapid  ascent  might  so  far  depart  from  its  normal  plane  of 
equilibrium  as  to  be  forcibly  carried  to  the  surface  of  the  water,  and  in  that  helpless 
condition  fall  an  easy  and  conspicuous  prey  to  predaceous  birds  or  fishes  before  it  could 
re-adjust  by  absorption  the  volume  of  gas  in  its  air-bladder  to  the  necessities  of  a 
more  superficial  level.  A similar  movement  of  descent,  even  if  increased  pressure  so 
reduced  the  volume  of  gas  in  the  bladder,  and  to  an  equivalent  extent  increased  the 
specific  gi*avity  of  the  body,  as  to  remove  the  Fish  from  its  normal  equilibrium, 
would  probably  involve  no  special  inconvenience,  while  the  gradual  secretion  of  the 
necessary  gas  would,  sooner  or  later,  restore  it  to  a plane  of  least  effort  at  the  deeper 
level.  Like  the  Physoclist,  and  for  the  same  reason,  it  is  probable  that  the  Ostario- 
physeae  incur  no  serious  disadvantage  in  descent,  although  in  this  group  the  necessary 
readjustment  by  gaseous  secretion  takes  place  still  more  slowly.  And,  moreover,  this 
apparent  disadvantage  may  be  open  to  some  qualification,  for  it  has  been  experi- 
mentally shown  that  an  increase  in  the  rate  of  gaseous  secretion  may  be  brought 
about  not  only  by  augmented  pressure,  but  also  by  any  abstraction  of  gas  that  may 
have  occurred  during  a previous  ascent.  It  is,  therefore,  possible  that  such  conditions 
may  lead  to  a more  speedy  readjustment  to  the  greater  pressure  of  a deeper  level  than 
at  first  sight  might  be  supposed.  These  considerations  seem  to  us  to  justify  tlie  con- 
clusion that,  as  compared  with  the  Physoclisti,  the  Ostariophysem  possess  a greater 
capacity  for  adapting  themselves  to  rapid  and  considerable  changes  of  level,  more 
particularly  in  the  dii'ection  of  ascent,  and  that  this  is  the  case  is  to  a large  extent 
borne  out  by  what  is  actually  known  of  their  habits  and  their  greater  freedom  of 
movement  at  widely  different  levels. 
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The  physiological  relations  of  the  Weberian  mechanism  to  the  hydrostatic  function 
of  the  air-bladder  constitute  an  extremely  difficult  problem,  and  one  that  can  only  be 
satisfactorily  settled  by  experimental  inquiry.  If  retia  mirabilia  were  present,  it 
might  be  conjectured  that  the  Weberian  ossicles  formed  part  of  a reflex  mechanism 
by  which  the  varying  tensions  of  the  gases  in  the  air-bladder  were  rendered  capable  of 
so  affecting  the  central  nervous  system  as  to  reflexly  lead  to  modifications  in  the  way 
either  of  acceleration  or  retardation  in  the  rate  at  which  such  gases  were  secreted  or 
absorbed,  and  possibly  in  this  way  facilitate  the  more  rapid  adjustment  of  the  volume 
of  internal  gas  to  the  varying  pressures  of  different  depths.  That  the  secretion  of 
gas,  and  possibly  its  absorption  also,  are  under  the  control  of  the  nervous  system  has 
been  experimentally  proved  by  Moreau  in  certain  Physoclisti,  but  the  absence  of 
retia  mirabilia  in  the  Ostarioph}'-se0e  seems  to  us  conclusive  against  assigning  more 
than  a very  subordinate  part  to  the  mechanism,  if  any,  in  the  way  of  controlling  the 
secretion  or  absorption  of  gas  in  the  latter  group.  On  the  other  hand,  it  seems  to  us 
more  reasonable  to  suppose  that  the  Weberian  mechanism  controls  the  escape  of  gas 
through  the  ductus  pneumaticus  in  the  process  of  pressure  adjustment  during  slow  or 
rapid  ascent.  A gradual  distension  of  the  air-bladder  would  be  accurately  measured 
by  its  recording  lever,  the  Weberian  ossicles,  and  the  increasing  intensity  of  the 
stimulus  imparted  to  the  sensory  epithelium  of  the  internal  ear  and  the  saccular 
branches  of  the  auditory  nerve.  The  consequent  reflex  or  voluntary  efferent  impulses 
may  find  expression  in  the  exercise  of  some  form  of  regulatory  control  over  the 
liberation  of  gas  through  the  ductus  pneumaticus,  so  that  only  so  much  gas  will  be 
eliminated  as  will  suffice  to  maintain  the  Fish  in  a plane  of  least  effort  at  all  levels 
during  ascent,  notwithstanding  the  reduction  of  external  hydrostatic  px'essure.  In  a 
brief  reference  to  this  point  Ramsay  Wright  (43)  says  that  in  Physostomous  Fishes 
“accommodation  to  a new  higher  level  is  more  quickly  effected  by  the  ejection  of 
bubbles  of  gas  through  the  air-duct,”  and  again,  in  referring  to  the  Ostariophyseae, 
remarks  that  the  Weberian  mechanism  “probably  enables  them  to  measure  the  precise 
amount  of  air  which  must  be  disengaged  in  order  to  restore  equilibrium  at  a new 
higher  level”  (pp.  385-6).  For  reasons  which  we  shall  refer  to  subsequently,  we 
cannot  at  present  regard  the  first  suggestion  as  applicable  to  the  Physostomi  in 
general,  but,  in  so  far  as  the  Ostariophyseae  are  concerned  both  suggestions  agree 
with  the  tentative  conclusions  at  which  we  also  have  arrived. 

Unfortunately  there  is  but  little  anatomical,  and  absolutely  no  experimental, 
evidence  available  as  to  how,  or  in  what  way,  the  escape  of  gas  through  the  ductus 
pneumaticus  is  regulated  or  controlled  in  accordance  with  these  conclusions.  That 
the  escape  is  in  some  way  regulated  is  suggested  by  the  fact  that  in  the  case  of  a 
TenclD*  under  artificially  diminished  pressure  the  air  issued  from  the  ductus  in  the 
form  of  bubbles,  not  continuously,  but  at  intervals,  as  the  pressure  was  gradually 
reduced.  The  intermittent  escape  of  the  gas  certainly  seems  to  indicate  the  existence 

* Moreau,  loc.  cit. 
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of  some  obstacle  to  what  would  otherwise  be  a continuous  and  gradual  evolution  of 
gas,  and  also  suggests  the  presence  of  some  check  or  regulating  mechanism  which 
periodically  limited  the  outflow  in  accordance  with  the  requirements  of  a gradually 
diminishing  pressure,  and  thereby  enabled  the  animal  to  retain  a constant  plane  of 
least  effort,  for  even  in  a partially  exhausted  air-pump  the  Fish  still  swam  about 
freely.  On  this  point  Ramsay  Weight  (43)  remarks,  “the  mode  in  which  the  air  is 
discharged  in  Amiurus  is  not  known  to  me,  but  the  duct,  tortuous  where  it  opens 
into  the  oesophagus,  must  be  much  straighter  when  the  ventral  wall  of  the  anterior 
part  of  the  air-bladder  is  distended  than  when  such  is  not  the  case.  Further 
investigation  must  show  whether  the  duct  participates  actively  in  disengaging  the 
air-bubbles,  and  if  so,  under  the  control  of  what  nerve  it  does  so”  (p.  386).  We 
cannot  altogether  agree  with  Ramsay  Weight’s  suggestion  that  the  escape  of  air 
from  a distended  air-bladder  may  be  facilitated  by  the  straightening  of  a tortuous 
pneumatic  duct,  for,  as  we  have  elsewhere  shown,  the  skeletal  attachments  of  the 
anterior  chamber  are  such  that  it  has  but  little  capacity  for  distension  except  through 
the  outward  bulging  of  its  lateral  walls,  in  which  the  ventral  wall  can  scarcely,  if  at 
all,  participate.  Nevertheless,  we  are  strongly  inclined  to  agree  with  his  suggestion 
that  the  ductus  pneumaticus  does  actively  participate  in  promoting  the  escape  of  gas 
and  in  controlling  the  rate  of  exit,  and  on  this  point  some  clue  as  to  the  nature  of 
the  process  may  be  gained  by  a comparison  of  substantially  similar  mechanisms  in 
other  organs  with  certain  facts  of  structure  in  connection  with  the  air-bladder  and 
pneumatic  duct  of  the  Siluridm,  but  their  truth  or  falsity  only  experimental  inquiry 
can  determine. 

Comparative  physiology  furnishes  many  illustrations  of  the  various  methods  by 
which  the  escape  of  partially  solid  or  wholly  fluid  substances  from  the  body,  or  from 
the  organs,  in  which  they  are  formed  or  temporarily  stored,  is  regulated.  A special 
spliincter  muscle  may  surround  the  terminal  outlet  and  be  maintained  in  a normal 
condition  of  tonic  contraction  by  impulses  from  a special  nerve  centre,  the  activity  of 
which  may  be  increased  or  inhibited  by  afferent  impulses  generated  by  appropriate 
external  or  internal  stimuli.  The  sphincter  ani  may  be  taken  as  an  example  of  this 
form  of  regulatory  mechanism.  Much  more  to  the  point,  however,  is  the  method  by 
which  the  flow  of  bile  from  the  gall-bladder  to  the  small  intestine  in  Mammalia  is 
controlled.  Both  the  cystic  duct  and  the  gall-bladder  have  muscular  walls,  while  the 
terminal  oriflce  of  the  common  bile  duct  is  said  to  be  suiTounded  by  a sphincter 
muscle.  The  relaxation  of  this  sphincter  and  the  contraction  of  the  muscular  walls 
of  the  gall-bladder  and  its  duct  may  be  brought  about  by  a reflex  action,  in  which  the 
afferent  impulses  are  due  to  the  stimulus  afibrded  by  the  passage  of  the  acid  contents 
of  the  stomach  over  the  intestinal  orifice  of  the  bile  duct,  but  nothing  appears  to  be 
satisfactorily  known  either  as  to  the  nerve  centre  or  to  the  path  of  the  afferent 
impulses.  It  is  clear  that  two  distinct  results  follow  the  application  of  the  stimulus 
and  the  initiation  of  afferent  impulses,  first,  the  inhibition  of  the  centre  by  which  the 
MDCCCXCIII. — B.  2 P 
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tonic  contraction  of  this  sphincter  is  maintained,  and  secondly,  the  contraction  of  the 
walls  of  the  duct  and  gall-bladder.  The  cystic  duct  in  Man  is  always  somewhat 
tortuous  at  its  commencement,  and  this  may  furnish  an  explanation  of  the  fact  that 
very  considerable  manual  pressure  is  required  to  expel  the  contents  of  the  gall- 
bladder, at  all  events,  after  death,  and  at  the  same  time  suggests  that  the  muscular 
contraction  by  which  the  bile  is  normally  expelled  is  of  a gradual  and  peristaltic 
character.  Moreover,  the  tortuosity  of  the  cystic  duct  may  have  some  physiological 
significance  in  the  sense  that  it  acts  as  a valve  and  prevents  mere  abdominal  pressure 
from  producing  a flow  of  bile  into  the  intestine. 

The  air-bladder  and  pneumatic  duct  certainly  exhibit  some  structural  analogies  to 
the  gall-bladder  and  cystic  duct,  and  it  is  by  no  means  improbable  that  a close 
physiological  parallelism  may  also  exist  with  regard  to  the  expulsion  of  their  respec- 
tive contents.  It  is  true  that  the  walls  of  the  air-bladder  are  devoid  of  both  intrinsic 
and  extrinsic  muscles,  and  they  can  have  no  power  of  expelling  the  gases  they  enclose 
by  direct  muscular  compression,  but  muscular  action  is  here  unnecessary,  inasmuch  as 
the  augmented  tension  and  volume  of  the  contained  gases  under  diminished  pressure 
will  furnish  the  needful  expulsive  force.  Mere  manual  pressure  on  the  air-bladder  has 
but  little,  if  any,  effect  iji  expelling  its  gaseous  contents,  and  that  this  is  so  is  probably 
due  to  the  tortuosity  of  the  pneumatic  duct,  aided  possibly  by  the  action  of  a terminal 
sphincter,  at  or  near  its  gastric  or  oesophageal  extremity.  On  the  other  hand,  the 
ductus  pneumaticus  in  some  Slluridse,  and  possibly  in  all  the  normal  species,  contains 
unstriped  muscular  fibres.  The  reflex  mechanism  in  the  two  cases  may  also  be 
similar.  Diminished  hydrostatic  pressure  conditions  an  expansion  of  the  volume  of 
gas  in  the  air-bladder,  which  will  ultimately  result  in  the  transmission  of  a stimulus 
to  the  sensory  epithelium  of  the  internal  ear,  and  the  initiation  of  afferent  impulses  in 
the  auditory  nerve.  The  afferent  impulses  may  find  their  final  expression  in  the 
peristaltic  contraction  of  the  walls  of  the  pneumatic  duct  and  the  expulsion  in  suc- 
cessive bubbles  of  an  amount  of  air  that  will  suffice  to  restore  equilibrium  at  a new 
level.  It  is  probable  that  the  pneumatic  duct  is  not  to  be  regarded  as  a mere  channel 
for  the  escape  of  gas  from  the  air-bladder,  but  rather  as  a structure  which,  under 
reflex  control,  actively  participates  in  the  process,  and,  at  the  same  time,  regulates 
the  quantity  of  the  expelled  air.  Slight  reductions  of  pressure,  the  result  of  equally 
slight  variations  of  level,  may  not  necessarily  lead  to  an  escape  of  air,  for  probably  no 
inconvenience  to  the  locomotion  of  the  Fish  would  result  from  them,  in  fact,  the 
tortuosity  of  the  pneumatic  duct,  aided,  it  may  be,  by  a special  sphincter,  can  be 
regarded  as  of  the  nature  of  a safeguard  to  prevent  the  unnecessary  elimination  of  gas 
under  such  conditions.  But  more  extensive  reductions  of  pressure  may  at  once  call 
into  play  the  reflex  mechanism  to  secure  the  necessary  readjustment  to  the  more 
superficial  level.  That  the  reflex  mechanism  is  under  the  direct  control  of  some 
special  nerve  centre  is  highly  probable,  and  it  is  at  least  within  the  range  of 
possibility  that  the  activity  of  this  centre  may  in  turn  be  dominated  by  some  still 
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higher  centre  whereby  the  processes  involved  in  re-adjustment  to  constantly  varying 
external  pressures  are  brought  under  the  voluntary  control  of  the  Fish, 

A little  additional  light  may,  perhaps,  be  thrown  on  the  nature  of  the  regulatory 
mechanism  by  some  remarks  of  DuFOSsi:  (Hb).  This  writer  describes  the  ductus 
pneumaticus  in  certain  Ostariophysese,  such  as  the  Carp  {Cyprinus  carpio),  the 
Barbel  {C.  harhatus),  and  the  Miller’s  Thumb  [Cobitis  harhatula,  Linn.)  among  the 
Cyprinidse,  as  widening  out  into  a trumpet-shaped  orifice  as  it  opens  into  the 
oesophagus,  and  that  in  this  dilated  part  of  the  duct  the  mucous  membrane  presents 
several  small  duplicatures,  which  form  valves  so  disposed  as  to  prevent  the  exit  of  gas, 
the  will  of  the  animal  and  not  the  mere  accumulation  of  gas  being  indispensable  to 
overcome  the  valvular  obstruction.  Dufosse,  however,  regards  these  valves  as 
forming  a regulatory  mechanism  controlling  the  escape  of  air  from  the  air-bladder  by 
which  these  Fishes  are  rendered  capable  of  producing  certain  voluntary  sounds 
classified  by  him  under  the  name  of  breathing  noises,  or  “ bruits  de  soufflement,”  In 
the  absence  of  experimental  evidence  that  such  valves  are  related  solely  to  the 
production  of  voluntary  sounds,  as  Dufosse  believes,  it  may  not  be  altogether 
unreasonable  to  suggest  that  these  structures  may  have  something  to  do  with 
regulating  the  expulsion  of  gas  from  the  air-bladder  under  the  influence  of  reduced 
hydrostatic  pressure,  and  further  that  the  breathing  noises  may  only  be  the 
accidental  concomitants  of  the  latter  function.  At  any  rate,  the  existence  of 
valvular  structures  in  the  ductus  pneumaticus  of,  at  all  events,  some  few  Ostario- 
physeae  afibrds  an  additional  clue  to  the  nature  of  the  mechanism  by  which  such 
Fishes  may  voluntarily  or  reflexly  control  the  escape  of  air  from  the  air-bladder. 

Whatever  may  be  the  precise  nature  of  the  regulatory  mechanism,  the  advantage 
to  the  Fish  of  some  such  method  of  carefully  graduated  adjustment  to  pressure 
variations  as  that  we  have  suggested  is  sufficiently  obvious.  Without  any  kind  of 
regulatory  control,  and  with  an  open  ductus  pneumaticus  in  free  communication  with 
the  exterior,  it  may  be  surmised  that  the  escape  of  gas  would  be  continuous  and 
unchecked,  and  might  even  involve  a more  or  less  complete  exhaustion  of  the  gas  in 
the  air-bladder  as  the  pressure  diminished,  with  the  contingent  disadvantage  that  the 
normal  equilibrium  of  the  Fish  in  the  water  would  be  greatly  disturbed,  and  a 
considerable  demand  be  made  on  the  secretive  activity  of  the  bladder  for  the 
subsequent  restoration  of  the  gas.  On  the  other  hand,  the  existence  of  a controlling 
mechanism  would  ensure  that  only  so  much  gas  would  be  evolved  under  such 
circumstances  as  might  suffice  to  maintain  the  Fish  in  a plane  of  least  effort,  and  at 
the  same  time  secure  the  needful  economy  in  the  liberation  of  the  gas. 

There  is  another  point  of  view  from  which,  if  the  foregoing  suggestions  have  any 
weight,  the  Weberian  mechanism  must  be  a source  of  considerable  gain  to  all  Fislies 
in  which  it  is  present.  There  can  scarcely  be  any  doubt  that  all  Fishes,  whether 
with  or  without  this  mechanism,  must  in  ordinary  locomotor  movements  encounter 
more  or  less  extensive  changes  of  level  and  pressure,  although  no  doubt  within  limits 

2 P 2 


292 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDON 


which  vary  with  different  species.  A Fish  without  the  mechanism  relies  solely  upon 
the  relatively  slow  processes  of  gaseous  secretion  and  absorption  for  the  readjustment 
of  the  volume  of  gases  contained  within  its  air-bladder  to  pressure  variations,  and  for 
reasons  already  given  we  have  arrived  at  the  conclusion  that  such  processes  are  of 
little  value  in  ordinary  locomotor  movements  involving  rapid  changes  of  level  and 
pressure,  although  possibly  of  considerable  advantage  when  such  changes  are  incurred 
in  the  course  of  periodic  or  other  migrations.  It  will  follow,  therefore,  that  in 
ordinary  locomotor  movements  attended  by  rapid  changes  of  level  any  departure  from 
the  normal  plane  of  equilibrium  must  be  accompanied  by  an  increase  or  decrease  of 
specific  gravity  to  an  extent  proportional  to  the  amount  of  the  pressure  variation. 
Hence  in  all  such  movements  a corresponding  increase  of  muscular  exertion  must  take 
place  which  will  necessarily  be  the  greater  in  proportion  as  the  variation  of  level 
carries  the  Fish  away  from  its  normal  plane  of  least  efibrt,  and  the  result  is  the  same 
whether  the  Fish  has  to  counteract  by  muscular  effort  the  effect  of  a too  feeble  specific 
gravity,  or  to  sustain  itself  against  an  increase  of  specific  gravity.  On  the  contrary, 
all  Fishes  that  have  a Weberian  mechanism  possess  also  a greater  capacity  for  pres- 
sure adjustment,  and  consequently  at  nearly  all  levels  and  pressures  will  retain  a 
normal  plane  of  least  effort,  with  the  correlative  advantage  that  all  their  normal 
movements,  however  rapid,  and  whatever  may  be  the  plane  in  which  they  take  place, 
will  be  executed  with  a minimum  expenditure  of  muscular  energy.  We  may  fairly 
conclude,  therefore,  that  the  Weberian  mechanism  not  only  confers  upon  all  Fishes 
that  possess  it  an  exceptional  capacity  for  freedom  of  locomotion  in  all  directions,  and 
especially  in  the  vertical  plane,  but  also  entails  the  contingent  advantage  that  all 
movements  will  be  efiected  with  the  maximum  economy  of  muscular  effort  and  tissue 
metabolism. 

This  seems  to  be  about  as  far  as  the  data  at  present  at  our  disposal  will  warrant  us 
in  pursuing  this  discussion  as  to  the  function  of  the  Weberian  mechanism.  The 
evidence  at  present  obtainable  is  strongly  in  favour  of  the  presumption  that  this 
singular  mechanism  is  directly  related  to  the  hydrostatic  function  of  the  air-bladder ; 
nevertheless,  we  cannot  but  feel  that  the  tentative  suggestions  which  we  have 
ventured  to  make  as  to  its  precise  utility,  while  by  no  means  inconsistent  with  them, 
yet  derive  but  little  positive  support  from  any  morphological  or  experimental  data  at 
present  known.  We  have  ventured  to  discuss  this  question  at  some  length  in  order 
that  the  issues  involved  may  be  clearly  understood,  and  in  the  hope  that  it  will  receive 
the  attention  of  the  experimental  physiologist,  in  whose  hands  the  final  solution  of 
the  problem  must  rest. 

So  far  our  remarks  have  been  confined  to  the  discussion  of  the  methods  by  which 
pressure  adjustment  is  effected  in  the  Physoclisti  and  Ostariophysese,  and  there  still 
remain  for  consideration  a few  Physostomi  (e.^.,  Clupeidee,  Salmonidae,  Mursenidae, 
&c.),  in  which  the  air-bladder  is  said  to  be  provided  with  an  open  ductus  pneumaticus, 
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but  has  no  Weberian  mechanism,  and  in  which  retia  mirabilia  are  either  present  or 
wanting."''  Two  questions  are  suggested  by  these  Fishes  : (1)  Are  they  capable,  like 
the  Ostariophysese,  of  utilizing  the  ductus  pneumaticus  as  a means  of  pressure  adjust- 
ment? (2)  If  so,  what  disadvantage  is  entailed  upon  them  by  the  want  of  a 
Weberian  mechanism?  A negative  answer  to  the  first  question  renders  any  further 
discussion  unnecessary,  inasmuch  as  the  Fishes  concerned  will  be  in  the  same  position 
as  most  Physoclisti  so  far  as  pressure  adjustment  is  concerned,  but  an  affirmative 
response,  on  the  contrary,  will  necessarily  involve  the  consideration  of  the  second 
question.  With  regard  to  the  first  point  the  scanty  evidence  available  is  of  a con- 
tradictory character,  in  fact,  it  is  not  at  all  clear  in  many  cases  hovv  far  the  ductus 
pneumaticus  admits  of  free  communication  between  the  air-bladder  and  the  exterior,  in 
one  species  only,  Murcena  conger  [Conger  vulgaris],  has  it  been  experimentally  shownt 
that  gas  can  be  eliminated  through  the  pneumatic  duct  when  the  Fish  is  exposed  to 
artificially  diminished  pressure.  On  the  other  hand,  the  Salmonidse  are  generally 
credited  with  the  possession  of  an  open  duct,  but  the  behaviour  of  one  species  of  this 
family,  the  “ Kilch,”  when  drawn  to  the  surface  from  deep  water  scarcely  favours  the 
supposition  that  any  adjustment  to  reduced  pressure  by  the  mechanical  liberation  of  gas 
can  take  place  in  this  species.  It  is  true  that  in  this  case  the  pressure  reduction  was 
considerable,  although  it  can  hardly  be  said  to  have  occurred  with  exceptional  rapidity, 
or  at  a greater  rate  than  probably  takes  place  in  many  Ostariophyseae  during  ordinary 
locomotion.  Moreover,  in  Moreau’s  experiments  with  such  Ostariophysese  as  the  Carp 
and  Tench,  the  Fishes  were  exposed  to  an  artificial  reduction  of  pressure,  which,  if 
not  so  great  as  in  the  case  of  the  “ Kilch,”  was  at  least  considerable  and  rapid,  and  yet 
throughout  the  experiment  the  gradual  liberation  of  successive  bubbles  of  gas  enabled 
the  Fish  to  retain  perfect  freedom  of  swimming.  It  is  therefore  difficult  to  avoid  the 
conclusion  that  the  “Kilch”  has  either  no  open  pneumatic  duct,  or,  if  it  has,  that  the 
duct  cannot  be  utilized  for  pressure  adjustment.  A further  item  of  negative  evidence 
is  to  be  found  in  the  fact  that,  while  retia  mirabilia  are  invariably  wanting  in  all 
Ostariophyseae,  they  are  present  or  absent  in  the  remaining  Physostomi  in  much  the 
same  way,  and  to  the  same  extent,  that  they  are  present  or  wanting  in  the  Physoclisti, 
and  this  certainly  suggests  the  inference  that  gaseous  secretion  and  absorption  are 
important  factors  in  pressure  adjustment  in  these  Fishes.  From  the  same  point  of 
view  it  is  somewhat  significant  that  wherever  the  mechanical  liberation  of  gas  has 
been  proved  to  take  place  in  Fishes  other  than  the  Ostariophysem  it  is,  with  one 
exception  [e.g.,  Conger),  by  some  other  and  secondarily  acquired  means  than  the 
retention  of  the  ductus  pneumaticus  for  the  purpose.  Thus  Moreau  has  shown  that 
the  Physoclist  Caranx  trachurus  is  capable  of  liberating  a continuous  stream  of  air 
through  its  “ canal  de  sdretd  ” when  exposed  to  artificially  diminished  pressures.  In 

* A few  Physoclisti  (e.g.,  Holocentrum,  Friacanthus,  Coesio,  Ac.),  in  which,  on  the  authority  of  Kuer 
(21),  an  open  ductus  pneumaticus  is  present,  may  also  bo  included. 

+ Moreau,  loc.  cit. 


294 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDON 


the  light  of  such  contradictory  and  mutually  destructive  evidence  no  satisfactory 
conclusion  seems  possible,  but  two  alternative  suggestions  may  be  made.  If  the 
ductus  pneumaticus  cannot  from  any  cause  or  other  be  used  for  the  mechanical 
liberation  of  gas,  then,  in  these  Fishes,  as  in  the  typical  Physoclisti,  gaseous 
secretion  and  absorption  must  be  the  only  methods  of  pressure  adjustment.  On  the 
other  hand,  even  if  it  be  admitted  that  some  Physostomi  without  Weber’s  mechanism 
can  liberate  gas  through  the  pneumatic  duct,  it  is  nevertheless  not  dilScult  to  see  how 
it  may  be  that  the  process  is  of  little  use  to  them  for  pressure  adjustment.  The 
completeness  of  the  control  exercised  over  the  liberation  of  the  necessary  amount  of 
gas  will  largely  depend  on  the  perfection  of  the  reflex  mechanism  employed  in  the 
process,  and  in  all  the  Fishes  now  under  consideration  the  necessary  afferent 
impulses  must  be  initiated  in  the  general  peripheral  nervous  system  by  the  dilfused 
pressure  exerted  by  a distended  air-bladder  on  the  surrounding  organs,  instead  of  in 
a particular  afferent  nerve  by  a stimulus  applied  to  a localized  sensory  epithelium 
through  a highly  specialized  arrangement  of  movable  ossicles  as  is  the  case  with 
the  Ostariophysese.  The  indefinite  character  of  the  stimulus  in  the  former  would 
certainly  militate  against  any  delicacy  in  the  process  of  adjustment,  even  if  it  did 
not  altogether  prevent  the  possibility  of  any  such  adjustment.  The  more  perfect 
afferent  mechanism  of  the  Ostariophysese  conditions  a more  effective  control  over  the 
function  of  the  pneumatic  duct,  and  a greater  capacity  for  regulating  the  processes 
involved  in  pressure  adjustment,  and  it  may  also  be  that  this  is  the  precise  advantage 
which  the  Weberian  mechanism  confers  upon  all  Fishes  that  possess  it. 

It  may  be  admitted  that  this  suggestion  does  not  necessarily  preclude  the  possible 
use  of  the  duct  as  a safety  valve  in  certain  cases,  but  it  does  negative  the  probability 
that  any  effective  control  can  be  exercised  over  the  liberation  of  gas  in  ordinary 
locomotion. 

We  cannot  conclude  this  section  of  our  paper  without  remarking  that  it  would  be 
extremely  interesting  to  compare  the  behaviour  of  a Physostomous  Fish  without  a 
Weberian  mechanism  with  one  in  which  this  mechanism  is  present,  when  exposed  both 
to  rapid  and  gradual  variations  of  pressure.  A careful  and  experimental  comparison 
of  the  methods  and  rate  of  adjustment  in  the  two  types  under  such  conditions  should 
go  a long  way  towards  the  discovery  of  the  true  function  and  utility  of  the  Weberian 
apparatus. 

There  yet  remain  certain  points  in  connection  with  the  air-bladder  of  the  Siluridae 
which  it  is  desirable  should  be  discussed  from  a physiological  point  of  view ; these 
are  (a)  the  lateral  cutaneous  areas ; (b)  the  “ elastic-spring  ” apparatus  of  Muller  ; 
(c)  the  extrinsic  muscles  of  the  Pimelodinae  ; and  (d)  the  distinctive  features  of  the 
air-bladder  and  Weberian  mechanism  in  the  Siluridae  as  compared  with  other 
Ostariophyseae. 

(a.)  The  lateral  cutaneous  areas. — The  close  relation  between  the  lateral  walls  of 
the  anterior  chamber  of  the  air-bladder  and  the  adjacent  superficial  skin,  which  is  so 
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characteristic  of  all  the  Siluridae  normales,  and  as  equally  conspicuous  by  its  absence 
in  all  other  Ostariophysese,  may  possibly  have  some  physiological  significance. 
Sagemehl  {loc.  cit.)  has  already  referred  to  this  feature  in  certain  Siluroids,  and 
suggests  that,  physiologically,  it  enables  certain  advantages  to  be  realized,  which,  in 
other  Ostariophysese,  are  gained  by  the  bipartite  structure  of  the  air-bladder.  In 
referring  to  the  two-chambered  air-bladders  of  the  Cyprinidse,  Characinidae,  and  the 
Gymnotidae,  he  directs  attention  to  the  fact  that  this  subdivision  of  the  air-bladder 
occurs  in  no  other  Teleostei,  and  is  always  associated  with  the  presence  of  a Weberian 
mechanism.  The  variable  ratios  of  pressure  of  the  surrounding  medium  condition 
the  increase  or  decrease  of  the  volume  of  gas  contained  in  the  whole  air-bladder,  and, 
owing  to  the  peculiar  structure  of  that  organ,  these  variations  of  volume  will  find 
their  expression  almost  exclusively  in  corresponding  oscillations  in  volume  of  the 
small  elastic  anterior  chamber,  to  which  alone  the  Weberian  ossicles  are  related, 
the  larger  posterior  sac  being  scarcely,  if  at  all,  affected.  A similar  bipartition,  the 
same  writer  also  remarks,  occurs  only  in  a few  Siluridae,  among  which  are  mentioned, 
apparently  on  the  authority  of  Valenciennes,  Auchenoglanis^^  and  Auchenipterus. 
But  in  the  case  of  the  latter  family  Sagemehl  says  that  the  same  physiological  result 
is  arrived  at  in  an  entirely  different  way.  In  many  Ariinae,  and  also  in  such  Siluridae 
as  Callichrous,  Cryptopierus,  and  Schilbe,  the  air-bladder  is  not  confined  to  the 
abdominal  cavity  proper,  but  its  lateral  portions  extend  outwards  between  the  ventral 
and  dorsal  portions  of  the  lateral  trunk  muscles,  quite  close  to  the  external  skin.  In 
this  manner,  Sagemehl  remarks,  the  air-bladder  acquires  a tolerably  direct  connection 
with  the  external  medium,  and  will,  therefore,  much  more  promptly  react  to  pressure 
oscillations  than  if  entirely  confined  to  the  abdominal  cavity. 

Sagemehl  is  scarcely  correct  in  attributing  any  important  physiological  distinction 
between  the  obviously  bipartite  air-bladders  of  the  Cyprinidae  and  the  Characinidae 
and  the  air-bladders  of  the  normal  Siluridae.  In  both  cases  the  air-bladder  is 
physiologically  two-chambered  in  the  sense  that  it  consists  of  a smaller  distensible 
anterior  portion  and  a larger  posterior  and  indistensible  part,  but  in  the  Cyprinidae 
the  bipartite  character  is  obvious  externally,  whereas  in  the  Siluridae  it  is  only  by 
internal  examination  that  the  essentially  bipartite  nature  of  the  air-bladder  becomes 
obvious.  In  fact,  in  all  the  normal  Siluridae  the  air-bladder  is,  physiologically,  as 
truly  bipartite  as  in  other  Ostariophyseae,  and  the  former  derive  precisely  the  same 
physiological  advantage  in  the  registration  of  hydrostatic  pressure  variations  from 
this  fact  as  do  the  latter.  Neither  is  Sagemehl  quite  accurate  in  supposing  that 
Auchenoglanis^'  and  Auchenipterus  possess  an  air-bladder  which  is  bipartite  externally 
as  in  the  Cyprinidae,  inasmuch  as  we  have  already  shown,  in  the  morphological  section 
of  this  paper,  that  in  both  genera  the  bladder  is  substantially  similar  to  that  of  all  other 
Siluridae  normales  so  far  as  this  point  is  concerned.  Sagemehl’s  suggestion  that  the 
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close  relation  of  the  lateral  walls  of  the  air-bladder  to  the  external  skin,  and  therefore 
to  the  surrounding  medium,  enables  the  air-bladder  more  promptly  to  react  to 
pressure  oscillations  is,  perhaps,  not  improbable,  and,  if  such  be  the  case,  would 
certainly  have  the  effect  of  rendering  the  Siluridse  much  more  sensitive  to  variations 
of  hydrostatic  pressure  than  is  the  case  with  other  Ostariophyseae  where  the  air- 
bladder  is  separated  from  the  external  skin  by  the  lateral  lobes  of  the  liver  and  other 
abdominal  viscera.  While  admitting  the  feasibility  of  this  suggestion,  we  may  point 
out  that  the  connection  of  the  air-bladder  with  the  superficial  skin  would  also  enable 
variations  in  the  size  of  the  aii’-bladder,  the  result  of  pressure  variations,  more 
promptly  to  modify  the  volume  and  specific  gravity  of  the  Fish,  for  any  expansion  or 
contraction  of  that  organ  from  such  causes  must  at  once  lead  to  the  inward  or 
outward  bulging  of  the  lateral  cutaneous  areas.  The  special  advantage  of  lateral 
cutaneous  areas  to  these  Fishes,  from  this  point  of  view,  would  lie  in  the  fact  that 
their  greater  susceptibility  to  alterations  of  volume  and  specific  gravity  would 
probably  ensure  a corresponding  increase  in  the  delicacy  of  the  responsive  processes 
involved  in  pressure  adjustment. 

The  possibility,  however  remote,  that  these  anatomical  features  have  no  special 
nhysiological  value,  but  are  simply  the  necessary  result  of  other  structural  modifica- 
tions of  undoubted  utility,  must  also  be  kept  in  view.  The  relative  shortness  of  the 
abdominal  cavity  in  many  Siluroids  may  have  caused  the  lateral  expansion  of  the 
air-bladder  and  its  consequent  abutment  against  the  external  skin.  That  this  may 
be  the  case  is  suggested  by  the  practical  suppression  of  the  lateral  cutaneous  areas  in 
some  Siluridae  {e.g.,  Malapterurus)  where  the  abdominal  cavity  is  of  greater  relative 
length  than  usual.  One  of  the  conditions  of  the  formation  of  lateral  cutaneous  areas, 
viz.,  the  dorsal  deflection  of  the  dorso-lateral  trunk  muscles,  may  be  only  a necessary 
consequence  of  the  elongation  and  expansion  of  the  transverse  processes  of  the  fourth 
and  fifth  vertebrae,  and  their  disposition  at  right  angles  to  the  long  axis  of  the 
vertebral  column  for  the  investment  of  the  dorsal  wall  of  the  anterior  division  of  the 
air-bladder.  In  the  Cyprinidae,  where  lateral  cutaneous  areas  are  wanting,  the 
transverse  processes  of  the  fourth  vertebra  are  of  considerable  length  without  being 
specially  expanded,  but,  like  true  ribs,  their  marked  ventral  flexure  prevents  them 
interrupting  the  straightforward  course  of  the  lateral  trunk  musculature,  or  pro- 
ducing any  upward  deflection  of  the  dorso-lateral  muscles.  If  this  alternative  view 
is  at  all  a reasonable  one,  it  will  follow  that  the  existence  of  the  areas  will  primarily 
depend  on  the  investment  of  the  dorsal  surface  of  the  anterior  chamber  by  the 
expanded  transverse  processes,  which  in  turn  must  be  regarded  as  a contrivance  for 
preventing  the  dorsal  expansion  of  the  chamber  during  pressure  variations,  thereby 
restricting  such  alterations  of  volume  to  movements  of  the  lateral  walls  alone. 

{h.)  The  “ Elastic-spring  " Apparatus. — In  the  great  majority  of  the  Ostariophyseae 
the  escape  of  air  from  the  air-bladder  through  the  ductus  pneumaticus  apparently 
takes  place  only  as  the  result  of  the  expansion  of  the  contained  gases  under  the 
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influence  of  diminished  hydrostatic  pressure,  althougli  it  is  possible  that  the  rate  of 
overflow  may  in  some  way  be  regulated.  In  some  few  Siluridm,  however,  there  does 
seem  to  exist  a special  mechanism  by  which,  under  certain  conditions,  the  air-bladder 
may  be  subjected  to  considerable  compression,  and  the  air  which  it  contains  either 
forcibly  expelled,  or  greatly  reduced  in  volume  by  condensation.  This  mechanism 
presents  two  important  modifications,  viz.,  the  “elastic  spring  apparatus”  and  the 
powerful  extrinsic  muscles  of  the  Pimelodinae.  In  the  case  of  the  “ elastic  spring 
apparatus  ” it  would  seem  that  by  the  contraction  of  its  powerful  protractor  muscle  each 
spring  can  be  drawn  forwards  towards  the  head,  while  the  subsequent  relaxation  of  the 
muscle  will  at  once  enable  the  spring  to  exert  its  full  pressure  on  the  air-bladder. 
Johannes  Mullee  regarded  this  apparatus  as  a mechanism  through  which  the 
condensation  or  rarefaction  of  the  gases  in  the  air-bladder  became  a motive  force  in 
causing  the  Fish  to  rise  or  fall  in  the  water.  On  this  view  it  is  presumed  that  the 
contraction  of  the  protractor  muscles  will  pull  forwards  the  anterior  wall  of  the  air- 
bladder  to  which  the  elastic  spi'ings  are  attached,  and  by  that  means  lead  to  the 
expansion  of  the  bladder  and  the  rarefaction  of  its  contained  gases  ; while,  on  the 
contrary,  the  relaxation  of  the  muscles  will  at  once  allow  the  springs,  by  their  own 
elasticity,  to  compress  the  air-bladder,  condense  the  gases  within  it,  and  consequently 
Increase  the  specific  gravity  of  the  Fish.  As  Mullee  remarks,  condensation  and  rare- 
faction are  placed  under  the  action  of  two  powerful  and  opposite  forces,  in  such  a 
manner  that  condensation  results  from  the  elasticity  of  a recoil,  while  rarefaction 
depends  upon  the  action  and  persistence  of  an  essentially  muscular  force  which 
annihilates  the  recoil. 

We  cannot  quite  agree  with  Mullee  that  the  elastic  springs  can  have  any  share 
in  dilating  the  air-bladder,  or  rarefying  the  gases  which  it  contains.  The  bony  plates 
in  which  the  two  springs  terminate  distally  are  only  applied  to  the  anterior  wall  of 
the  air-bladder,  and  the  fibres  of  the  latter  are  not  directly  attached  to,  or  inserted 
into,  the  plates  at  their  points  of  contact,  and  it  is,  therefore,  diflScult  to  see  how  the 
forward  movement  of  each  spring  can  possibly  draw  the  antero-lateral  wall  with  it, 
or  rarefy  the  contained  gases  by  increasing  the  internal  capacity  of  the  air-bladder. 
It  is  quite  true  that  the  transverse  membrane  which  is  so  closely  applied  to  the 
anterior  wall  of  the  bladder  is  also  continuous  with  the  inner  (or  anterior)  and  ventral 
margins  of  the  terminal  long  plates,  but  we  have  never  been  able  to  detect  any 
connection  between  the  latter  and  the  component  fibres  of  the  tunica  externa  of  the 
antero-lateral  reofions  of  the  bladder  itself.  But  even  if  it  be  true  that  the  antero- 
lateral  walls  can  be  drawn  forwards  in  the  way  which  Mullee’s  theory  requires,  it 
still  seems  to  us  extremely  doubtful  that  any  increase  of  internal  capacity  would 
necessarily  result,  inasmuch  as  any  outward  bulging  in  the  antero-lateral  regions 
would  almost  certainly  be  attended  by  an  inward  bulging  elsewhere.  The  mobility 
and  elasticity  of  the  transverse  process  which  forms  each  spring  will  certainly  give  to 
the  lateral  portions  of  the  anterior  wall  that  capacity  for  sharing  in  the  distension  of 
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the  anterior  chamber  which  is  prevented  in  all  other  Siluridse  by  the  absolute  rigidity 
of  the  processes  in  question,  but  it  is  at  the  same  time  equally  clear  that  the  “ elastic 
spring  ” apparatus  cannot  possibly  give  the  Fish  any  poAver  of  directly  compressing 
the  air-bladder,  except  under  certain  conditions,  viz.,  when  the  anterior  chamber 
becomes  distended  through  the  diminution  of  pressure  which  occurs  in  movements  of 
ascent,  coincidently  with  the  forward  movement  of  the  two  springs  as  the  result  of 
the  voluntary  or  reflex  contraction  of  their  protractor  muscles.  Under  such  circum- 
stances the  mechanism  potentially  acquires  the  power  to  modify  the  capacity  of  the 
aii’-bladder,  for  the  subsequent  relaxation  of  the  muscles  will  at  once  enable  the 
springs,  through  the  force  of  their  own  recoil,  to  exert  their  full  strength  in  com- 
pressing both  the  air-bladder  and  its  gaseous  contents.'^  If,  therefore,  the  elastic 
springs  can  have  no  share  in  promoting  ascent  by  rarefaction,  and  can  only  be  called 
into  action  under  conditions  in  which  the  distension  of  the  air-bladder  from  pressure 
reduction  is  a necessary  factor,  the  possibility  that  the  mechanism  is  related  to  pres- 
sure adjustment  is  at  once  suggested.  Tentatively  adopting  this  suggestion  it  would 
seem  that  two  alternative  views  may  be  taken  as  to  the  precise  mode  in  which  this 
singular  mechanism  is  of  practical  utility  : — 

(1.)  That  the  compression  of  the  air-bladder,  under  the  conditions  and  by  the 
means  already  indicated,  will  effectually  aid  the  action  of  the  ductus  pneumaticus  in 
producing  a more  rapid  and  forcible  ejection  of  gas,  and  at  the  same  time  secure  the 
more  rapid  readjustment  of  the  Fish  to  the  reduced  pressure  of  a more  superficial 
level. 

(2.)  The  advantage  of  a more  rapid  readjustment  to  diminished  pressure  may  be 
gained  by  means  of  the  “ elastic  spring  apparatus  ” without  necessarily  involving  a 
mechanical  liberation  of  gas.  The  mere  compression  of  the  air-bladder  would  seem 
to  be  perfectly  competent  to  prevent  over-distension  under  a diminishing  external 
pressure  by  simply  condensing  the  contained  gases,  and  so  counteract  the  possible 
evil  results  of  a too  low  specific  gravity.  If  it  be  admitted  that  the  Ostariophysere 
can  control,  or,  if  need  be  and  occasion  requires,  entirely  prevent  the  escape  of  gas 
through  the  pneumatic  duct,  it  may  easily  be  the  case  that  pressure  adjustment  in 
those  Siluridse  with  an  “ elastic  spring  ” mechanism  can  be  more  readily  brought 
about  by  condensation  without  the  actual  expulsion  of  gas. 

The  sole  advantage  of  the  first  alternative  method  is  that  it  will  secure  a more 
rapid  adjustment  during  ascent  than  is  probably  the  case  in  most  other  Ostario- 
physeoe ; on  the  other  hand  we  incline  to  the  opinion  that  the  augmented  tension  of 


* Should  this  view  of  the  mode  of  action  of  the  “ elastic  spring  ” apparatus  prove  correct,  it  will  be 
difficult  to  see  how  the  mechanism  can  have  anything  to  do  with  the  production  of  voluntary  sounds,  as 
suggested  by  Sorensen  (36),  inasmuch  as  the  Fish  would  only  be  able  to  exercise  its  vocal  powers  under 
conditions  involving  pressure  reduction  during  ascent  from  a deeper  to  a more  superficial  level.  Under 
such  conditions  only  does  it  seem  likely  that  the  contained  gases  would  be  expelled  with  sufficient  force 
to  produce  any  definite  or  characteristic  sounds. 
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the  gas  itself  under  such  conditions  will  constitute  a sufficient  expulsive  force  and 
render  any  special  mechanism  for  the  purpose  altogether  superfluous.  The  more 
obvious  value  of  the  second  alternative  lies  in  the  fact  that,  while  it  may  prove  to  be 
a method  of  adjustment  even  more  rapid  than  the  first,  it  also  possesses  the  con- 
tingent economical  advantage  that  as  no  gas  has  been  lost  by  mechanical  liberation, 
there  will  be  no  demand  on  the  activity  of  the  walls  of  the  air-bladder  for  the 
secretion  of  additional  gas  when  the  Fish  returns  to  a deeper  level  and  greater 
pressure.  On  tliis  view  the  processes  of  pressure  adjustment  will  not  consist  in  the 
actual  expulsion  of  gas  and  its  subsequent  slow  replacement  by  secretion,  but  rather 
in  the  volumetric  changes  of  a fairly  constant  quantity  of  gas,  which  are  affected  by 
the  action  of  the  “ elastic  spring  ” apparatus,  and  are  always  of  the  opposite  character 
to  those  which  the  external  hydrostatic  pressure  tends  to  produce.  Of  the  two 
alternatives  the  second  seems  to  us  the  more  feasible,  but  experiment  alone  can 
determine  the  accuracy  of  either,  while  it  may  prove  the  falsity  of  both. 

In  a limited  sense  our  second  suggestion  is  in  accordance  with  Muller’s  theory,  at 
least  to  the  extent  that  condensation  may  be  produced  by  the  action  of  the  elastic 
springs,  although,  as  we  think,  for  a different  purpose  than  that  which  the  theory 
maintains,  but  his  view  that  the  mechanism  enables  the  Fish  to  ascend  through  the 
rarefaction  of  the  contained  gases  must,  for  the  reasons  previously  given,  be  regarded 
as  entirely  without  foundation,  and,  to  say  the  least,  it  is  extremely  doubtful  if  con- 
densation can  be  of  much,  if  any,  use  in  facilitating  descent.  But  apart  from  the 
special  objections  to  the  theory  there  are  others  of  a more  general  character,  based  on 
the  apparent  uselessness  of  any  special  mechanism  for  causing  the  rise  or  fall  of  the 
Fish  in  the  water.  It  has  been  previously  pointed  out  that  to  Fish  in  approximate 
equilibrium  the  slightest  action  of  the  ordinary  locomotor  organs  is  quite  sufficient  to 
produce  either  ascent  or  descent,  and  the  existence  of  an  elaborate  mechanism  for 
varying  the  internal  capacity  of  the  air-bladder  and  the  volume  of  the  enclosed  gases 
with  this  object  is  altogether  unnecessary.  These  objections  to  Muller’s  theory 
will  apply  with  equal  force  whether  it  be  presumed  that  condensation,  or  the  actual 
expulsion  of  gas,  is  the  prime  agent  in  promoting  descent.  On  the  other  hand  the 
unquestionable  importance  to  the  Fish  of  rapid  and  accurate  methods  of  pressure 
adjustment  is  highly  suggestive  that  the  “ elastic  spring  ” mechanism  is  solely  related 
to  this  function.  We  prefer,  therefore,  to  regard  the  mechanism  as  a contrivance  for 
expediting  the  process  of  pressure  adjustment  when  the  Fish  is  exposed  to  a rapid 
reduction  of  pressure  during  quick  ascent,  which,  far  more  than  descent,  necessitates 
both  rapidity  and  accuracy  in  the  readjustment  processes,  and  this  view  may  reason- 
ably be  adapted  whichever  of  the  two  alternatives  is  accepted  as  to  the  precise 
method  employed.  Should  our  views  on  this  point  prove  to  be  correct,  it  would  be 
reasonable  to  anticipate  that  of  all  the  Ostariophysem  these  Siluridm  are  best  (pialified 
for  rapid  and  extensive  vertical  locomotion  under  conditions  the  most  favourable  to 
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the  retention  of  perfect  equilibrium  at  all  levels  within  the  range  of  their  normal 
movements. 

(c.)  The  Extrinsic  Muscles  of  the  Air-hladder  in  the  PimelodincB. — A function  sub- 
stantially similar  to  that  of  the  “ elastic  spring”  apparatus  may,  in  all  probability,  be 
assigned  to  the  powerful  compressor  muscles  of  the  Pimelodinm.  These  muscles 
cannot  possibly  have  any  share  in  dilating  the  air-bladder  and  rarefying  the  contained 
gases  in  order  to  facilitate  ascent,  but  it  would  certainly  seem  that  they  enable  these 
j)articular  Siluridae  to  exercise  a still  more  effective  control  over  its  distension, 
inasmuch  as  the  muscles  are  apparently  able  to  compress  the  air-bladder  at  all  times, 
although  more  effectively,  no  doubt,  Avhen  the  latter  is  more  or  less  distended.  By 
the  contraction  of  these  muscles  during  rapid  movements  of  ascent  the  tendency  to 
over-distension  on  the  part  of  the  air-bladder  will  be  promptly  counteracted,  while  a 
forcible  expulsion  of  gas  through  the  pneumatic  duct  would  enable  the  Fish  to 
speedily  adjust  its  volume  and  specific  gravity  to  a new  plane  of  least  effort  at  the 
more  superficial  level.  As  in  the  case  of  the  “ elastic  spring  ” apparatus  of  other 
Siluridre,  it  is  of  course  possible,  theoretically,  that  the  special  advantage  of  the 
compressor  muscles  may  be  realised  without  necessarily  involving  the  mechanical 
liberation  of  gas  from  the  air-bladder.  Excessive  distension  may  be  guarded  against, 
and  pressure  adjustment  effected  by  compression  alone,  the  contained  gases  being  so 
far  condensed  that  no  harmful  reduction  of  the  specific  gravity  of  the  Fish  can  take 
place,  and,  as  before,  accuracy  and  rapidity  of  pressure  adjustment  would,  by  this 
method,  be  correlated  with  the  further  advantage  of  economy  in  gaseous  secretion. 

In  both  series  of  Fishes  it  is  extremely  interesting  to  recall  the  existence  of  a 
special  arrangement  by  means  of  which  the  compression  of  the  air-bladder,  either  by 
the  action  of  the  “ elastic  springs,”  or  by  the  contraction  of  special  compressor 
muscles,  is  prevented  from  imparting  a too  violent  shock  to  the  Weberian  mechanism, 
and  more  especially  to  the  fluids  and  sensory  epithelia  of  the  internal  ear.  In  the 
Pimelodinm  the  contraction  of  the  muscle  which  we  have  named  the  tensor  trlpodis, 
taking  place  coincidently  with  that  of  the  compressor  muscles,  will  effectually  limit 
the  violent  excursions  of  the  crescentic  process  of  each  tripus,  which,  otherwise, 
would  certainly  take  place  when  the  anterior  chamber  of  the  air-bladder  is  forcibly 
compressed  in  the  way  described.  In  those  Siluridoe  provided  with  the  “ elastic 
spring  ” mechanism,  a precisely  similar  result  is  brought  about  by  the  existence  of  a 
groove  at  the  junction  of  each  terminal  bony  plate  with  its  flexible  and  elastic  root, 
into  which  the  outer  margin  of  the  crescentic  process  of  the  tripus  is  received. 
During  the  compression  of  the  anterior  chamber  by  the  “ elastic  springs,”  the 
outward  movement  of  the  crescentic  process  is  controlled  by  the  inward  movement  of 
the  elastic  sju’ing  itself,  which  has  the  result  of  effectually  checking  any  sudden  or 
extensive  excursion  on  the  part  of  the  tripus,  and,  at  the  same  time,  prevents  the 
transmission  of  a too  violent  impulse  to  the  Weberian  ossicles  and  internal  ear. 

The  extreme  difficulty  of  attempting  to  arrive  at  a satisfactory  solution  of  the 
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various  problems  arising  out  of  the  physiology  of  the  air-bladder,  through  anatomical 
data  alone,  is  again  forcibly  illustrated,  for  it  is  impossible  entirely  to  exclude  the 
possible  relation  of  the  extrinsic  muscles  of  the  Pimelodinse  to  the  function  of  sound 
production,  and  it  may  also  be  the  case,  although  perhaps  less  likely,  that  the 
same  reservation  will  also  apply  to  the  “ elastic  spring  ” mechanism.  That  a violent 
expulsion  of  air  from  the  air-bladder  should  produce  definite  sounds  is  extremely 
probable,  but  how  far  such  sounds  can  be  considered  as  related  to  the  primary 
function  of  these  muscles,  or  as  merely  accidental  concomitants  to  it,  must  for  the 
present  remain  an  open  question.  Sorensen  (36)  has  adopted  the  former  suggestion, 
and  regards  both  the  compressor  muscles  and  the  “ elastic  spring  ” mechanism  as 
being  subordinate  to  sound  production.  Nevertheless,  in  the  absence  of  confirmatory 
experimental  evidence,  we  still  think  it  worth  while  to  direct  attention  to  an 
alternative  interpretation  of  the  function  of  these  structures,  which  is  at  least  as 
consistent  with  their  morphology  as  any  other  view  at  present  suggested.  We  have 
elsewhere  (p.  270  and  p.  298)  suggested  certain  difficulties,  which,  in  our  opinion, 
are  serious  objections  to  Sorensen’s  views  on  this  point. 

{(I.)  The  SiluridcB  compared  with  other  Ostariophysece. — In  our  morphological 
summary,  and  elsewhere,  we  have  drawn  attention  to  the  more  salient  features 
wherein  the  air-bladder  and  Weberian  mechanism  of  the  Siluridae  differ  from  the 
corresponding  structures  in  those  Ostariopliyseae  which  in  these,  as  in  other  respects, 
are  the  most  closely  allied  to  them,  viz.  : — the  Cyprinidae,  and  we  may  now  briefly 
consider  such  distinctions  from  a purely  physiological  standpoint.  As  the  morphological 
result  of  a comparison  of  the  two  families  was  to  demonstrate  the  increased  specialisa- 
tion of  these  structures  in  the  Siluridae  it  is  highly  probable  that  a similar  comparison, 
from  a functional  point  of  view,  will  prove  the  increased  sensitiveness  of  the  latter  to 
hydrostatic  pressure  variations,  and,  at  the  same  time,  suggest  a corresponding 
advance  in  the  accuracy  of  the  readjustment  processes.  An  important  factor  in  this 
direction  in  the  Siluridae  is  the  restriction  of  all  variations  in  the  capacity  of  the 
anterior  chamber  under  the  influence  of  pressure  variations  to  lateral  expansion  or 
contraction,  from  which  it  must  follow  that  the  auditory  organ  will  be  rendered 
susceptible  to  smaller  variations  of  pressure  than  is  the  case  in  the  Cyprinidae  where 
expansion  and  contraction  are  less  strictly  localised,  and  probably  take  place  to  a 
nearly  equal  extent  in  all  directions.  To  the  same  object  must  also  be  attributed  the 
subdivision  of  the  posterior  section  of  the  air-bladder  in  all  noimial  Siluridae  into  two 
lateral  compartments  by  a vertical  longitudinal  septum,  as  well  as  the  frequent 
presence  of  secondary  transverse  septa  in  each  chamber,  such  structural  features  can 
scarcely  have  any  other  effect  than  that  of  rendering  this  portion  of  the  air-bladder 
more  inelastic  and  indistensible  than  it  would  otherwise  be,  and,  therefore,  still 
further  restricting  all  volumetric  variations  to  the  anterior  chamber  alone.  It  is  also 

o 

possible  that  the  presence  of  lateral  cutaneous  areas  may  be  related  to  the  increasing 
sensitiveness  of  tlie  air-bladder  of  the  Siluridiu  to  pressure  disturbances,  if,  as 
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Sagemehl  {loc.  cit.)  has  suggested,  the  function  of  these  areas  is  to  enable  the  air- 
bladder  more  promptly  to  react  to  pressure  oscillations,  or,  as  we  have  surmised,  more 
readily  to  allow  variations  in  the  volume  of  the  contained  gases  to  modify  the  bulk 
and  specific  gravity  of  the  Fish. 

The  comparative  freedom  of  the  anterior  vertebrae  from  anchylosis  in  the  Cyprinidm 
is  obviously  related  to  the  fact  that  the  air-bladder,  including  the  anterior  chamber, 
lies  free  in  the  abdominal  cavity,  and  is  scarcely,  if  at  all,  invested  by  skeletal 
elements ; hence,  as  the  bladder  is  less  likely  to  be  aflPected  by  any  compression  which 
may  result  from  the  flexure  of  the  vertebral  column  during  vigorous  locomotor  move- 
ments, anchylosis  is  unnecessary,  or  at  all  events  does  not  take  place  to  anything  like 
the  same  extent  as  in  the  Siluridse. 

Certain  distinctive  structural  variations  in  the  Siluridse  are  probably  dependent 
upon  other  modifications  of  a more  direct  physiological  value,  and  in  any  comparison 
with  the  Siluridse  it  is  interesting  to  notice  the  necessary  sequence  of  particular 
anatomical  differences  between  the  two  when  an  initial  modification  is  once  started  in 
one  of  them.  In  the  Siluridm,  the  restriction  of  volumetric  variations  in  the  anterior 
chamber  to  its  lateral  expansion  or  contraction  is  in  part  brought  about  by  the  invest- 
ment of  its  dorsal  surface  by  the  complex  and  fifth  centra  and  the  expanded  and 
otherwise  modified  transverse  processes  of  the  fourth  and  fifth  vertebrae,  which  not 
only  prevents  the  expansion  of  the  chamber  dorsally,  and  to  some  extent  anteriorly, 
but  indu-ectly  aids  in  preventing  expansion  in  other  directions  by  affording  the 
necessary  surface  for  the  direct  attachment  of  the  walls  of  the  chamber  to  the  skeleton 
at  certam  definite  points.  But  to  prevent  the  flexure  of  the  trunk  vertebrae  in 
oi’dinary  locomotion  from  exerting  any  influence  on  an  air-bladder  so  closely  related 
to  the  skeleton,  and  secondarily  on  the  Weberian  ossicles,  a more  or  less  extensive 
anchylosis  of  the  anterior  vertebrae  takes  place,  as  well  as  a more  rigid  and  intimate 
articulation  with  the  skull  than  is  usually  the  case  in  other  Ostariophyseae.  The 
necessity  for  a more  rigid  connection  between  the  skull  and  the  vertebral  column  has 
probably  conditioned  further  modifications  in  the  anterior  vertebrae,  and  may  well 
have  been  one  of  the  causes  which  have  hastened  the  further  atrophy  of  those  rudi- 
mentary vertebral  centra  that  intervene  between  the  basioccipital  and  the  fourth 
vertebra,  and  have  been  partially  dismembered  in  the  formation  of  the  different 
Weberian  ossicles  from  certain  of  their  constituent  elements.  The  shortening  of  this 
section  of  the  vertebral  column  necessarily  involves  the  tripus  taking  a position  more 
anterior  than  that  which  it  occupies  in  the  Cyprlnidae  and  exactly  opposite  the 
scaphium,  with  the  final  result  that  the  intercalarium  becomes  useless  as  a sesamoid 
ossicle,  and  degenerates  to  the  insignificant  and  variably  developed  vestige  by  which 
alone  it  is  represented  in  the  great  majority  of  the  Siluridce. 

On  the  other  hand,  it  is  not  easy  to  attach  any  precise  physiological  significance  to 
the  fact  that  the  saccus  paravertebral  is  in  the  Siluridm  has  entirely  lost  that  com- 
munication with  the  cranial  cavity  which  it  possesses  in  the  Cyprinida;,  nor  to  certain 


ON  THE  ANATOMY  OP  FISHES. 


303 


minor  differences  in  the  degree  of  development  and  the  mutual  relations  of  the 
different  Weberian  ossicles  in  the  two  families.  Perhaps  the  most  important  differ- 
ence is  the  removal  of  the  two  claustra  from  any  obvious  physiological  relations  with 
the  atrial  cavities  in  the  Siluridse,  and  it  is  by  no  means  clear  whether  this  should  be 
regarded  as  a loss  or  a gain  from  a physiological  point  of  view. 

Of  the  remaining  families  of  the  Ostariophysem  the  Characinidae  closely  resemble 
the  Cyprinidae  in  so  far  as  the  points  now  under  discussion  are  concerned,  and  of  the 
Gymnotidae  it  may  be  said  that  they  exhibit  a somewhat  less  specialized  condition  of 
the  air-bladder  and  Weberian  ossicles  than  any  of  the  preceding  families,  although 
obviously  related  to  the  Cyprinoid  type. 

The  conclusion  suggested  by  these  facts  seems  to  us  to  be  this — that,  physiologi- 
cally considered,  the  most  important  distinctive  features  of  the  Weberian  mechanism 
in  the  Siluridae  as  compared  with  other  Ostariophyseae  are  mainly  related  to  the  air- 
bladder,  which  in  the  former  attains  its  maximum  degree  of  specialization  as  an  organ 
adapted  for  the  registration  of  varying  hydrostatic  pressures. 


B.  Silui'idcE  abnormales. 

In  considering,  from  a physiological  point  of  view,  the  significance  of  the  structural 
modifications  presented  by  the  air-bladder  and  its  adjuncts  in  this  section  of  the 
family,  we  may,  in  the  first  place,  briefly  capitulate  certain  anatomical  facts  already 
mentioned  in  a previous  section  of  this  paper. 

Apart  from  a very  considerable  reduction,  both  in  absolute  and  relative  size,  the 
absence  of  lateral  chambers  and  the  persistence  of  the  anterior  chamber  only,  the  most 
noteworthy  features  in  the  air-bladder  of  the  various  genera  of  Siluridse  abnormales 
are — its  constriction,  partial  or  complete,  into  two  laterally-situated  air-sacs,  which  may 
not  only  lose  all  connection  with  each  other,  but  with  the  oesophagus  also ; the 
tendency  of  the  air-sacs  to  become  more  or  less  completely  enclosed  within  variously- 
formed  bony  capsules  ; the  occasional  atrophy  of  the  ductus  pneumaticus,  or  its  persis- 
tence as  a solid  fibrous  cord  ; and  frequently  also,  in  addition,  the  more  or  less  complete 
atrophy  of  the  fibres  which  normally  form  the  dorsal  walls  of  lateral  halves  of  the 
bladder,  and  connect  the  lateral  walls  with  the  crescentic  processes  of  the  tripodes. 
To  these  may  be  added  the  partial  solidification  of  the  organ  in  certain  species,  either 
through  the  thickening  and  matting  together  of  its  walls,  or  the  development  of 
internal  fibrous  trabeculae,  or  through  the  partial  obliteration  of  its  cavity  through 
the  growth  of  a thick  central  column  of  fibres.  With  the  exception  of  the  inter- 
calaria,  which  are  often  absent,  without,  however,  in  any  way  interfering  with  the 
complete  anatomical  connection  of  the  tripodes  with  the  scaphia  and  the  claustra, 
which  apparently  have  no  functional  significance  in  the  Siluridae,  the  remaining 
Weberian  ossicles  are  fairly  well  developed,  and  retain  their  normal  relative  size. 
Traces  of  degeneration  are,  however,  to  be  met  with.  The  tripus  generally  loses  its 
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characteristic  crescentic  curvature — a modification  which  is  often  associated  with  the 
more  or  less  complete  atrophy  of  the  fibres  that  normally  converge  to  this  ossicle  from 
the  lateral  walls  of  the  air-bladder,  and  even  when  these  fibres  are  present  the  loss  of 
curvature  may  be  due  to  the  fact  that  reduction  in  the  size  of  the  bladder  is  not 
accompanied  by  a corresponding  diminution  in  the  size  of  the  tripus  itself,  which, 
therefore,  receives  the  insertion  of  fewer  fibres  than  in  most  Siluridse  normales.  The 
scaphium  as  frequently  retains  but  a vestige  or  loses  all  trace  of  its  ascending 
process,  and,  as  the  condylar  process  may  also  disappear,  the  ossicle  often  becomes 
reduced  to  the  condition  of  a simple  concavo-convex  structure  in  relation  with  the 
external  atrial  aperture. 

As  regards  the  effects  of  degeneration  of  the  air-bladder  on  the  structure  of  those 
portions  of  the  internal  ear  which  are  specially  related  to  the  Weberian  ossicles,  we 
are  satisfied  that  in,  at  least,  some  Siluridse  abnormales  the  sinus  endolymphaticus  has 
completely  disappeared,  although  the  ductus  endolymphaticus,  the  cavum  sinus  imparls, 
and  the  atrial  cavities  remain,  and  retain  also  their  normal  relations  to  one  another 
and  to  the  scaphia.  The  absence  of  a sinus  endolymphaticus  in  several  genera  with 
rudimentary  air-bladders  is  at  least  suggestive  of  the  probability  that  it  is  also  wanting 
in  other  Siluroids  in  which  the  air-bladder  has  undergone  a like  degeneration ; on  the 
other  hand,  we  entertain  no  doubt  as  to  the  presence  of  an  apparently  functional  sinus 
in  a few  Siluridse  abnormales.  Physiologically,  the  suppression  of  the  sinus  endolym- 
phaticus must  prove  a serious  obstacle  to  the  transmission  of  afferent  impulses 
generated  by  varying  external  pressures  to  the  sensory  epithelium  of  the  sacculi,  even 
supposing  that  the  air-bladder  and  Weberian  ossicles  still  retained  their  normal 
structure  and  mutual  relations ; but  that  it  is  a fatal  obstacle  cannot,  in  our  opinion, 
be  so  readily  affirmed,  for  movements  in  the  fluids  of  the  atrial  cavities  and  cavum 
sinus  imparls  might  still  impinge  on  that  portion  of  the  ductus  endolymphaticus  which 
is  in  relation  with  the  anterior  aperture  of  the  cavum. 

Even  if  the  diminutive  air-bladder  of  the  Siluridae  abnormales  retained  its  structural 
integrity  in  other  respects,  the  almost  universal  atrophy  of  the  lateral  chambers  would 
certainly  have  the  effect  of  rendering  the  bladder  far  less  delicate  as  a register  of 
varying  hydrostatic  pressures  than  it  is  in  the  normal  section  of  the  family,  but  taken 
in  conjunction  with  such  other  retrogressive  changes  both  in  the  air-bladder  and 
Weberian  mechanism  as  those  above  mentioned,  it  becomes  almost  impossible  to 
believe  that  any  function  of  the  kind  suggested  can  be  assigned  to  these  structures, 
or  that  they  do  otherwise  than  present  various  stages  of  retrogressive  modification 
towards  the  condition  of  vestigial  and  functionless  organs ; and  this  conclusion 
seems  to  us  equally  inevitable  whatever  may  have  been  their  original  function — 
whether  acoustic,  barometrical,  or  hydrostatic.  Considering  the  high  degree  of 
specialisation  which  characterises  the  air-bladder  and  Weberian  mechanism  in  the 
Slluridre,  it  is  by  no  means  surprising  that  these  structures  should  be  liable  to  rapid 
degeneration  when  from  any  cause  the  necessity  for  the  exercise  of  their  special 
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function  no  longer  exists,  and  the  extraordinary  variations  which  they  often  exhibit 
in  different  Siluridse  abnormales  can  only  be  regarded  as  furnishing  abundant 
illustrations  of  the  extreme  variability  to  which  all  degenerate  and  useless  organs  are 
liable. 

The  widespread  degeneracy  of  the  air-bladder  in  the  Siluridse  is  amply  proved  by 
the  fact  that  of  the  one  hundred  and  sixteen  genera  mentioned  in  the  British  Museum 
Catalogue  of  the  family,  no  fewer  than  twenty-five  are  referable  to  the  Siluridae 
abnormales,  and  it  is  extremely  probable  that  further  investigation,  especially  among 
the  various  mailed  Loricaroid  forms  and  their  naked  allies,  will  considerably  add  to 
the  number  of  Siluridae  with  degenerate  and  functionless  air-bladders. 

The  causes  that  have  led  to  the  degeneracy  of  the  air-bladder  in  so  many  forms  are 
in  many  instances  not  difficult  to  trace,  and,  as  in  so  many  Physoclist  Teleostei,  the 
assumption  of  a purely  ground  habit  of  life  is  probably  the  most  important  one.  Not 
a few  of  the  genera  of  Siluridae  abnormales  inhabit  the  comparatively  shallow  waters 
of  rapidly  flowing  mountain  streams  and  torrents,  often  living  at  a considerable 
altitude,  and  in  general  habit  are  not  unlike  our  common  English  Loaches.  Many 
are  provided  with  an  adhesive  apparatus  on  the  ventral  surface  of  the  body  between 
the  pectoral  fins  for  attachment  to  stones,  so  that  they  may  be  enabled  to  withstand 
the  force  of  mountain  torrents.  Such  Fishes  when  not  in  motion  by  the  exercise  of 
their  fins  probably  rest  upon,  or  attach  themselves  to,  the  river  bottom,  and  the  utter 
uselessness  and  probable  harmfidness  of  ait  air-bladder  as  a hydrostatic  organ  under 
such  conditions  is  no  doubt  the  cause  of  its  degenerate  and  rudimentary  condition 
in  such  Siluroids  as  Sisor,  Pseudecheneis,  Glyptosternum,  Euclyptosternum,  Exo- 
stoma, Amblycep)s,  &c.  Although  very  different  from  the  latter  in  the  character 
of  their  habitat  a similar  explanation  will  jtrobably  apply  also  to  such  widely  dis- 
similar forms  as  Callichthys  and  Clarias.  Various  species  of  Callichthys  are  said*  to 
keep  under  plants  in  marshy  swamps,  to  be  able  to  burrow  in  the  mud,  in  which  they 
often  become  dried  up,  and  even  to  be  capable  of  migration  upon  land  in  search  of 
water.  On  the  same  authority  Clarias  magur  is  said  to  often  frequent  ponds  and 
ditches,  and,  when  the  water  dries  up,  to  become  imbedded  in  the  mud,  where  it 
sojourns  until  the  advent  of  the  next  rainy  season.  The  same  species  is  said  to 
possess  exceptional  vitality  when  removed  from  its  natural  habitat.  From  their 
partially  amphibious  and  grovelling  habits  it  is  clear  that  an  air-bladder  can  be  of 
little  use  to  these  Fishes  as  a hydrostatic  organ,  and  hence  its  rudimentary  condition. 
Similar  remarks  will  in  all  probability  apply  to  such  other  Clarias-\\ke  forms  as 
Saccohranchus  and  Ileterohranchus,  and  probably  also  to  many  other  Loricaroid 
types  in  addition  to  Callichthys,  about  which  we  have  not  been  able  to  glean  much 
positive  information  as  to  their  habits.  The  position  of  the  mouth  and  the  retro- 
verted  and  Loach-like  character  of  the  lips  in  so  many  Loricaroid  genera  is  strongly 
suggestive  of  their  grovelling  habits,  and  the  consequent  uselessness  of  an  air-bladder. 

* Clvikr  et  Vai.knciennes  (8),  vol.  15,  pp.  219-220;  also  p.  228. 
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With  reference  to  one  of  these  forms Wev^enbergh  (40,  pp.  91,  92),  remarks  tliat 
from  its  “ground  ” habitat  and  peculiar  shape  an  air-bladder  is  unnecessary  and  con- 
sequently has  entirely  atrophied.  Weyenbergh’s  statement  that  the  air-bladder  is 
absent  in  this  species  is  certainly  inaccurate,  since  the  results  of  Reissner’s  investi- 
gations, which  we  are  able  to  confirm,  have  demonstrated  its  existence  in  a rudimentaiy 
condition,  but  his  remarks  as  to  the  uselessness  of  the  organ  in  the  light  of  the 
peculiar  habits  of  the  fish  are  worthy  of  note. 

But  although  it  is  possible  in  the  case  of  many  Siluridm  abnormal es  to  prove  the 
association  of  a “ground”  habit  with  the  possession  of  a rudimentary  air-bladder  in 
the  probable  relation  of  cause  and  eifect,  there  are  a few  genera  in  which  this  is  much 
more  difficult.  Bagarius,  Silondia,  Aiha,  Eutropiichthys  and  Calloriiystax  are  neither 
inhabitants  of  mountain  streams  or  torrents,  nor  are  they  in  any  sense  amphibious, 
but,  on  the  contrary,  frequent  the  larger  rivers  of  the  low  country  and  plains  of 
India,  and  beyond  this  we  have  not  been  able  to  obtain  any  precise  information  as  to 
their  habitat  or  mode  of  life.  The  non-utility  of  the  air-bladder  as  a hydrostatic 
organ  in  several  of  these  Siluroids  is  very  obvious  from  its  extremely  small  size,  and 
notably  in  Bagarius  Yarrellii,  where  each  of  the  two  air-sacs  into  which  the  bladder 
is  divided  was  only  equal  to  the  size  of  a garden  pea  in  a Fish  weighing  ten  pounds. 
In  all  such  instances  as  these  we  can  only  suggest  that  here,  as  in  many  other  cases, 
it  is  highly  probable  that  the  rudimentary  condition  of  the  air-bladder  will  eventually 
be  found  to  be  correlated  with  a purely  ground  life.  Hence,  it  may  be  concluded 
that  in  the  case  of  many  Siluridm  ahnormales  there  is  a certain  amount  of  evidence 
which  strongly  favours  the  view  that  the  degenerate  condition  of  the  air-bladder  is 
directly  caused  by  reversion  to  a “ ground  ” life,  and  also  that,  by  analogy,  this  is 
likewise  true  of  the  remaining  species  and  genera  where,  from  ignorance  of  their 
habits,  no  trustworthy  evidence  on  this  point  can  at  present  be  obtained.  If  our 
contention  should  ultimately  prove  to  be  correct,  it  will  furnish  a strong  argument  in 
favour  of  the  conclusion  which,  on  other  grounds,  we  have  already  arrived  at,  viz., 
that  the  Weberian  mechanism  is  physiologically  related  to  the  normal  hydrostatic 
function  of  the  air-bladder,  and  not  to  audition,  or  to  the  perception  of  varying 
atmospheric  pressures. 

The  susceptibility  of  the  air-bladder  to  change  of  habitat  on  the  part  of  its 
possessor  is  well  shown  by  the  variations  which  occur  within  the  limits  of  the  same 
genus.  Two  species  of  Cryptopterus  {C.  micropus  and  C.  hexnpterus)  have  rudi- 
mentary air-bladders,  while  all  the  remaining  species  of  the  genus  that  came  under 
our  notice  had  those  organs  unusually  well-developed.  The  genus  Pimelodus  exhibits 
an  even  more  interesting  illustration  of  the  influence  of  a change  of  habit  on  tlie 
condition  of  the  air-bladder.  In  two  species  of  this  genus  [P.  pulclier  and  P.  sapo) 
the  air-bladder  itself  is  not  only  rudimentary  but  lacks  even  a trace  of  the  compressor 
and  tensor  tripodis  muscles  which  are  so  characteristic  of  the  normal  Pimelodinae. 

* TTyposfnmus  plecosfomus,  Cuv.  et  Vai.,  = Flecostomus  bicirrliosas,  Gron’OV. 


ON  THE  ANATOMY  OF  FISHES. 


307 


In  the  absence  of  any  definite  knowledge  of  the  habits  of  these  species  no  certain 
conclusions  can  be  drawn  as  to  the  causes  which  have  brought  about  the  rudi- 
mentary state  of  the  air-bladder,  but  the  assumption  of  a “ ground  ” habit  may 
prove  to  be  one  of  them. 

The  structural  variations  met  with  in  the  air-bladder  of  difierent  Siluridfe  abnor- 
males  require,  in  many  instances,  no  special  explanation,  and  are  readily  explicable  as 
being  due  to  the  more  or  less  complete  degeneration  of  parts  of  a useless  organ, 
combined  with  the  usual  polymorphism  of  vestigial  structures.  Such  features  as 
the  diminutive  size  of  the  air-bladder  ; the  atrophy  of  the  latei’al  compartments  and 
the  partial  solidification  of  the  reduced  anterior  chamber ; the  atroph}^  of  the  fibrous 
tracts  by  which  the  contraction  or  distension  of  the  air-bladder  becomes  converted 
into  corresponding  movements  of  the  Weberian  ossicles;  and  the  suppression  of  the 
ductus  pneumaticus,  can  be  easily  understood  as  having  arisen  in  this  way.  But 
there  are  nevertheless  at  least  two  features  in  connection  with  the  air-bladder,  which 
are  somewhat  difficult  to  explain.  One  is,  its  persistence  even  in  a reduced  condition, 
when  as  a useless  organ  its  total  suppression  would  seem  to  be  the  more  natural 
result,  and  indeed  is  the  only  result  so  far  as  all  other  Teleostei  are  concerned,  while 
the  second  difficulty  is  the  partial  or  complete  encapsulation  of  the  vestigial  air- 
bladder  by  bone.  The  following  considerations  may  possibly  throw  some  light  on 
the  first  of  these  difficulties: — 

The  degeneration  of  an  organ  which,  from  change  of  habit,  has  become  more  or 
less  useless  to  its  possessor  may  be  brought  about  by  the  single  or  conjoint  operation 
of  several  causes.  (1)  The  cessation  of  the  preservative  influence  of  natural  selection, 
or  what  Weismann  has  termed  “ panmyxia,”  combined  with  what  Galton  has  called 
“ regression  towards  mediocrity,”  so  that  the  organ  fails  to  be  maintained  at  its 
previous  high  level  of  development.  (2)  Beduction  in  size  and  sinqfiification  jn  other 
respects  of  a useless  organ  may  also  be  due  to  action  of  natural  selection  in  view  of 
the  advantage  which  the  animal  derives  from  economy  of  nutrition.  (3)  The 
retention  in  its  fully  develoj)ed  condition  of  an  organ  of  no  functional  utility  might 
entail  some  positive  disadvantage  to  the  animal  when  exposed  to  new  conditions  of 
life,  in  which  case  the  operation  of  natural  selection  in  more  or  less  coin]fietely 
eliminating  the  useless  structure  would  be  certain  and  sj)eedy.  On  the  assumption  of 
a “ ground  ” habit  by  a Fish,  the  air-bladder  would  tend  to  become  useless  and,  sooner 
or  later,  vestigial,  and  it  is  highly  probable  that  the  three  factors  mentioned  above 
may  all  have  co-operated  in  initiating  this  result.  But  like  so  many  other  vestigial 
structures,  and  especially  those  which  result  from  the  retrogressive  modification  of 
organs  of  great  functional  importance  in  a large  series  of  animals,  and  therefore 
probably  of  great  antiquity,  the  air-bladder,  even  when  useless,  often  exhibits  a 
singular  vitality  and  persistence.  ^I’he  initial  degeneration  of  the  air-bladder  in  its 
useless  condition  may  be  accounted  for,  in  part,  by  the  advantage  of  economy  of 
nutrition  ; but  reduction  in  size  beyond  a certain  limit  can  scarcely  have  been  due  to 
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this  cause  alone,  for  long  before  its  total  disappearance  the  nutritive  requirements  of 
the  organ  must  become  so  infinitesimally  small  that  no  positive  or  obvious  disadvantage 
could  result  from  its  retention  in  a diminutive  condition.  When  extrinsic  muscles  in 
connection  with  the  air-bladder  become  useless,  economy  of  nutrition  would,  no 
doubt,  soon  lead  to  the  total  suppression  of  such  highly  vascular  structures,  and 
hence  the  complete  atrophy  of  the  compressor  and  tensor  tripodis  muscles  of  certain 
Pimelodinae  with  rudimentary  air-bladders  is,  on  the  contrary,  easy  to  understand. 
Then  again,  while  it  is  by  no  means  difficult  to  see  that  the  persistence  of  a 
fully  developed  air-bladder  in  purely  “ ground  ” Fishes  might  not  only  be  useless,  but 
even  positively  harmful,  when  the  animal  habitually  rests  on  the  bottom  when  not  in 
motion  by  the  exercise  of  its  fins,  it  is  at  the  same  time  difficult  to  appreciate  the 
disadvantage  of  retaining  an  air-bladder  so  small  as  to  be  utterly  without  influence  in 
its  locomotor  functions,  or  in  any  way  capable  of  imparting  undue  buoyancy  to  the 
animal.  Hence  it  seems  to  us,  of  the  three  causes  tending  to  produce  degeneration, 
the  only  ones  likely  to  have  much  effect  in  reducing  the  air-bladder  beyond  a certain 
minimum  size  are  “ panmyxia  ” and  “ regression  towards  mediocrity,”  and  it  may 
therefore  be  conjectured  that  the  antagonistic  force  of  heredity  has  so  far  retarded  the 
operation  of  these  causes  as  to  have  secured  the  pei'sistence  of  a small  vestigial 
air-bladder  in  all  existing  Siluridae  abnormales.  A difficulty  in  the  way  of  this 
explanation  of  the  invariable  retention  of  a small  vestigial  and  useless  air-bladder 
in  these  Siluroids  instead  of  its  total  suppression  is  the  fact  that  in  so  many  Teleostei, 
where  the  air-bladder  has  presumably  become  useless  from  some  cause  or  other,  the 
total  disappearance  of  the  organ  follows  almost  as  a matter  of  course.  In  certain 
families,  Physostomi  and  Physoclisti,  the  air-bladder  is  totally  absent.  The  Scopelidm 
and  Symbranchidse  are  examples  of  this  in  the  former  group,  and  the  Pleuronectidae 
and  Lophiidae  in  the  latter  ; and  if  the  line  of  argument  adopted  above  in  the  special 
case  of  the  Siluridae  has  any  force,  it  would  be  reasonable  to  anticipate  that  it  would 
also  apply  to  the  former,  and  that  in  these  families  a small  vestigial,  even  if 
useless,  air-bladder  would  be  very  generally  present,  which,  as  a matter  of  fact,  is 
never  the  case.  The  suppression  of  an  organ  so  physiologically  important  as  the  air- 
bladder  in  entire  families  of  Teleostei  is,  of  course,  suggestive  that  the  operation  of 
causes  tending  to  produce  this  result  has  probably  extended  over  a far  wider  period  of 
time  than  has  been  the  case  with  genera  or  species  only  of  those  Siluroids  in  which 
merely  a partial  reduction  has  taken  place,  and  that  given  sufficient  time,  and  the 
accumulative  action  of  such  causes,  the  same  ultimate  result  would  be  arrived  at  in  the 
latter  as  in  the  former.  But  in  opposition  to  this  suggestion  must  be  placed  the  fact 
that  in  certain  Physoclist  families  {e.cj.,  Scombridoe  and  Polyneraidm)  the  air-bladder  is 
absent  in  some  species  of  the  same  genus  while  present  in  others.  Thus,  on  the 
authority  of  Day,*  it  is  stated  that  Scomber  colias  possesses  an  air-bladder,  while 
S.  scomber  has  none ; similarly  among  the  Asiatic  species  of  Poli/nemus,  P.  paradiseus 
* “The  Burbot  (Lota  vulgaris)  and  Air-Bladder  of  Fishe.s,”  ‘ Cottoswold  Nat.  Field  Club,’  1880. 
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and  P.  tetradactyluH  are  without  air-bladders,  while,  on  the  contrary,  such  org-ans  are 
present  in  P.  indicus  and  P.  plehtjus.  Such  facts  certainly  seem  to  indicate  that 
total  suppression  may  take  place  so  rapidly  as  to  have  become  completed  within  the 
relatively  limited  time  that  has  elapsed  since  certain  of  these  Fishes  acquired  their 
present  specific  characters.  Without  attempting  to  assign  relative  values  to  the 
three  causes  which  have  probably  brought  about  the  total  atrophy  of  the  air-bladder 
in  these  instances,  the  evidence  seems  strongly  in  favour  of  the  view  that,  either 
singly  or  conjointly,  their  operation  is  calculated  to  lead  to  the  speedy  and  complete 
suppression  of  a useless  air-bladder,  and  is  distinctly  adverse  to  the  retention  of 
that  organ,  however  vestigial  may  be  the  condition  to  which  it  has  been  reduced  ; 
hence  the  persistence  of  a vestigial  air-bladder  in  so  many  Siluridae,  in  spite  of 
causes  which,  in  most  other  Fishes,  have  sufficed  to  secure  its  total  atrophy,  can  hardly 
be  explained  by  the  suggestion  previously  made  by  us. 

The  widespread  persistency  of  a vestigial  and  useless  air-bladder  seems  to  be 
peculiar  to  the  Ostariophyseae ; in  fact,  we  know  of  no  species  in  any  of  the  different 
families  of  the  group  in  which  aji  air-bladder  is  entirely  wanting.  On  the  contrary,  so 
far  as  our  knowledge  extends,  this  fact  is  altogether  without  parallel  in  all  the 
remaining  families  of  Teleostei,  in  which  total  suppression  seems  invariably  to  follow 
loss  of  function.  There  are,  however,  two  points  in  connection  with  the  air-bladder  of  the 
Siluridae  abnormales  that  are  not  without  some  significance,  and  may  possibly  furnish  an 
explanation  of  this  anomaly.  The  first  has  reference  to  the  method  by  which  the 
reduction  of  the  bladder  has  been  effected.  We  have  previously  pointed  out  that  the 
vestigial  air-bladder  in  these  Siluroids  represents  the  anterior  chamber  only  of  the 
normally  developed  organ,  and  that  the  lateral  compartments  have  almost  always 
undergone  total  atrophy.  The  process  of  reduction  has,  therefore,  not  affected  all 
parts  of  the  air-bladder  to  an  equal  extent,  and,  while  it  has  almost  invariably  led  to 
the  total  suppression  of  all  trace  of  lateral  chambers,  the  anterior  chamber  has  been 
allowed  to  persist  in  a reduced  and  vestigial  condition  ; or  in  other  words,  while 
total  atrophy  has  taken  place  with  respect  to  that  part  of  the  bladder  not  specially 
related  to  the  Weberian  ossicles,  that  portion  of  it  which  alone  is  directly  connected 
with  those  ossicles  invariably  persists.  The  second  point  relates  to  the  persistence  of 
the  now  useless  Weberian  ossicles.  The  uniform  retention  of  a fairly  complete  series 
of  ossicles  in  all  Siluridae  abnormales  is  explicable  as  due  to  the  absence  of  any  j)otent 
cause  for  their  speedy  suppression.  Economy  of  nutrition  can  have  scarcely  any  effect 
in  this  direction,  nor  need  the  direct  action  of  natural  selection  be  invoked  for  the 
purpose,  for,  if  useless,  their  persistence  need  not  necessarily  prove  a source  of  disad- 
vantage or  harm  to  their  j^ossessor.  Whatever  trace  of  degeneration  the  mechanism 
presents  may  therefore  be  solely  due  to  “ ])anmyxia,”  or  to  “ regression  towards 
mediocrity,’'  and  these,  as  we  have  already  conjectured,  are  causes  that  operate  with 
extreme  slowness.  The  conclusion  suggested  to  us  by  these  facts,  and  one  which 
seems  to  offer  a reasonable  explanation  of  what  would  otherwise  be  a singular  anomaly. 
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is  this  : that  the  curious  and,  in  many  respects,  unique  persistence  of  a useless  air- 
bladder  is  due  to  its  highly  specialized  connection  with  the  Weberian  mechanism. 
As  is  well  known,  comparative  anatomy  affords  numerous  examples  of  the  persistence 
of  functionless  but  harmless  skeletal  structures,  which  occasionally  may  even  retain 
traces  of  their  softer  connections,  and,  in  our  opinion,  it  is  the  retention  of  the 
Weberian  ossicles  that  has  been  the  principal  cause  of  the  persistence  of  a useless 
air-bladder,  in  much  the  same  way  that  the  useless  and  rudimentary  bones  of  the  hind 
limbs  of  certain  aquatic  Mammalia  sometimes  retain  remnants  of  their  equally  useless 
muscles  and  ligaments. 

The  second  problem  suggested,  viz.,  the  frequent  encapsulation  of  the  rudimentary 
air-bladder  by  bone  in  abnormal  Siluridm,  is  a veiy  difficult  one,  and  one  which 
we  must  confess  our  inability  to  explain  satisfactorily,  or  to  do  more  than  suggest 
possible  solutions.  Three  points  may  be  kept  in  view  in  discussing  this  question  - 
(l)  That  the  degree  of  encapsulation  generally  bears  some  relation  to  the  extent 
to  which  the  air-bladder  retains  the  structural  integrity  of  its  walls  and  its  apparently 
normal  connection  with  the  tripodes  (2)  that  however  defective  in  some  respects 
the  individual  Weberian  ossicles  may  be,  the  continuity  of  those  that  persist  is 
complete  in  all  Siluridae  abnormales ; and  (3)  that  encapsulation  is  strictly  confined  to 
the  rudimentary  air-bladders  of  the  Ostariophyseae,  and  occurs  in  no  other  living 
Teleostei.f 

Partial  encapsulation,  to  the  extent  that  the  reduced  air-bladder  occupies  trans- 
versely disposed  grooves  or  hollows  on  the  ventral  surfaces  of  the  expanded  and 
conjoined  transverse  processes  of  the  fourth  and  fifth  vertebrae,  is,  perhaps,  not 
difficult  to  explain,  for  reduction  in  the  size  of  the  anterior  cliamber  has  sinqjly  been 
acconq:>anied  by  a corresponding  contraction  and  curvature  of  the  modified  transverse 
processes  which  normally  closely  invest  and  are  adapted  to  the  convexity  of  its  dorsal 
and  anterior  surfaces.  The  difficulty  is  felt  to  be  greater  in  the  case  of  such  Siluroids 
as  Cetopsis,  Clarias,  Calloniysta.r,  Aca'/ithicus,  and  the  various  Loricaroid  genera,  in 
which  the  diminutive  air  bladder  is  almost  completely  encapsuled  by  bone,  and  while 
obviously  iiseless  for  all  hydrostatic  purposes,  r-etains  much  of  its  structural  integrity 
as  well  as  its  normal  relations  to  the  Weberian  ossicles.  In  several  of  these  genera, 
in  additioii  to  the  share  taken  by  the  transverse  processes,  which  of  itself  might  be 
readily  accounted  for  in  the  way  suggested  above,  certain  additional  means  are 
employed  to  ensure  the  more  complete  enclosure  of  the  air-bladder  within  osseous 
capsules,  and  this  at  least  suggests  the  possibility  that  some  specific  and  useful  object 
is  to  be  gained  thereby.  Of  these  additional  methods  we  may  again  refer  to  the 
])artial  ossification  of  the  walls  of  the  air-bladder  itself  {c.g.,  Acmithicufi) , and  to  the 

* Sc(‘  i\lor])hological  Smnmaiy,  pp.  251,  252,  ami  p.  259. 

t According  to  Wii.i.iam!son  (41)  tlic  aii’-bladder  in  certain  fossil  Ganoids  has  ossified  walls,  if  it  were 
possible  it  would  be  exti'cmcly  interesting  to  ascei'tain  if  these  fishes  possessed  any  form  of  Weberian 
mechanism. 
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development  of  special  bony  laminae  (ventral  processes)  by  the  extension  of  bony 
deposit  from  the  superficial  ossifications  investing  the  complex  centrum  with  the 
superficial  fibrous  tissue  which  lies  between  the  peritoneum  and  the  ventral  surface  of 
the  bladder.  In  such  cases  as  these  it  may  be  conjectured  tliat  the  retention  of  even 
a rudimentary  air-bladder  would  be  harmful  to  its  owner  if  it  were  even  imperfectly 
in  physiological  connection  with  the  auditory  organ  tlirough  the  Weberian  ossicles, 
for  even  a purely  “ ground  ” Fish  may  be  exposed  to  variations  of  hydrostatic 
pressure  in  the  course  of  its  migrations  at  different  depths,  or  over  the  uneven  bed  of 
a river,  or,  as  might  be  the  case  in  some  instances,  where  the  Fish  inhabited  tidal 
rivers,  by  the  rise  or  fall  of  the  tide,  and  such  variations  might  lead  to  the  trans- 
mission of  stimuli  to  the  auditory  organ,  but  no  responsive  adjustment  on  the  part  of 
the  Fish  could  take  place  on  account  of  the  utter  uselessness  of  the  air-bladder  for  its 
normal  hydrostatic  function.  Physiologically,  the  enclosure  of  the  reduced  air- 
hladder  within  a bony  capsule  would  have  the  effect  of  preventing  its  expansion 
under  the  influence  of  diminished  pressure,  and  conceivably  therefore  subserve  the 
purpose  of  preventing  the  transmission  of  useless  and  disturbing  stimuli  to  the  central 
nervous  system. 

On  the  other  hand,  in  several  abnormal  Siluroids  {e.g.,  Bagarius,  Ahjsis,  Acro- 
chordonichtliys,  Glyptosternum,  Euclyptosteraum,  &c.)  the  air-bladder  has  so  far 
undergone  retrogressive  modification  in  one  way  or  another  as  to  have  been  struc- 
turally incapable  of  responding  to  variations  of  external  pressure,  or  of  initiating  any 
movements  in  the  chain  of  Weberian  ossicles.  In  all  these  Siluroids  the  atrophy  of 
the  fibres  forming  the  dorsal  walls  of  the  two  lateral  air-sacs  constitutes  a structural 
lesion  so  obvious  that  it  is  impossible  that  any  alterations  in  the  volume  of  the  air- 
bladder  could  be  converted  into  corresponding  movements  of  the  Weberian  mechanism 
or  in  any  way  affect  the  auditory  organ . In  such  instances  complete  encapsulation  is, 
ex  hypothesi,  unnecessary,  and  therefore  does  not  take  place.  As  suggested  above, 
the  partial  enclosure  of  the  air-bladder  within  mere  grooves  or  recesses  on  the  ventral 
surfaces  of  the  modified  transverse  processes  may  here  be  regarded  as  simpl}-  due  to 
the  fact  that,  as  the  organ  lost  its  lateral  compartments  and  the  anterior  chamber 
gradually  became  smaller,  the  transverse  processes  still  continued  to  retain  their 
normal  relations  to  the  latter,  while  at  the  same  time  contracting  and  more  or  less 
curving  round  it.  On  the  other  hand,  there  are  one  or  two  abnormal  forms  {e.g., 
Pinielodus  pulcher  and  Schilhichthys)  in  which  encapsulation  is  but  partial,  although 
the  structural  integrity  of  the  air-bladder  is  so  far  maintained  that  it  might  still  be 
susceptible  to  slight  volumetric  changes  when  exposed  to  ])ressure  variations,  and  also 
he  able  to  convert  such  chaiiires  of  volume  into  movements  of  the  Weberian  ossicles, 
but  in  these,  and  in  one  or  two  other  similar  cases,  it  will  generally  be  found  that 
the  bladder  is  so  far  environed  by  bone  that  no  lateral  distension  can  take  place. 
Thus  in  the  types  referred  to  the  osseous  grooves  are  contracted  distally  in  such  a. 
way  as  to  effectually  check  all  tendency  to  lateral  expansion  on  the  j>art  of  the  air- 
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bladder.  In  Scln'/hichfhys  it  will  be  noted  that  even  the  stem  and  inferior  limb  of  the 
post-temporal  may  co-operate  in  securing  this  result. 

We  have  ventured  to  suggest  this  explanation  in  those  cases  where  encapsulation  is 
most  complete,  because  at  first  sight  it  seems  to  be  a legitimate  inference  from  the 
three  facts  to  which  reference  has  just  been  made,  but  as  an  objection  it  may  be 
urged  that  the  same  physiological  result  might  have  been  gained  by  simpler  and  more 
natural  means.  Complete  or  partial  atrophy  of  the  air-bladder  would  even  more 
effectually  have  prevented  transmission  of  useless  stimuli  to  the  auditory  organ,  and 
would  seem  also  to  be  the  more  natural  as  well  as  the  more  easily  acquired  safeguard. 
In  some  cases  (e.g.,  Bafjarius,  GJypiosternum,  &c.)  the  latter  method  apparently  is  the 
one  adopted  for  the  purpose.  But  if  our  previous  conclusion,  that  the  useless  air- 
bladder  owes  its  singulai-  persistence  in  these  Siluroids  to  its  connection  with  the 
'Veberian  ossicles,  be  correct,  it  may  nevertheless  have  happened  that  in  other  cases 
reduction  in  the  size  of  the  air-bladder  took  place  so  slowly  that  encapsulation  super- 
seded complete  atrophy  as  a means  for  securing  the  object  in  question.  It  must  also 
be  borne  in  mind  that  even  in  its  normal  condition  the  air-bladder  and  its  connective 
tissue  investment  are  frecpiently  invaded  by  ossified  deposit.  The  superficial  ossifica- 
tion of  the  complex  centrum  and  the  ventral  processes,  the  terminal  plates  of  the 
“ elastic-spring  ” apparatus,  and  the  posterior  extremities  of  the  tripodes,  are  examples 
of  this  tendency.  More  or  less  complete  encapsulation  through  an  extension  of  this 
process  may  therefore  have  been  moi'e  readily  ai;quired  than  at  first  sight  would  seem 
possible  or  probable. 

If  it  be  objected  that  this  view  is  somewhat  far-fetclied,  an  alternative  explanation 
of  the  difficnlty  may  be  suggested.  It  is  possible  that  encapsulation  has  really  no 
physiological  significance.  Whatever  share  the  modified  transverse  processes  take  in 
the  process  may  be  only  due  to  their  tendency  to  contract  round  and  envelope  an 
atrophying  structure  to  an  extensive  portion  of  the  suiTace  of  which  they  are  always 
closely  moulded,  while  the  development  of  such  additional  means  of  encapsulation  as 
the  ossification  of  the  walls  of  the  air-bladder  itself,  or  the  growth  of  ventral  pro- 
cesses, is  due  solely  to  an  exaggeration  of  that  tendency  to  ossification  which  is  always 
obvious  in  the  normal  air-bladder  when  no  longer  checked  in  the  useless  organ  by  the 
controlling  influence  of  natural  selection. 

It  is  interesting  to  observe  that  other  families  of  Ostariophyseae,  and  notably  those 
Cyprinidae  included  in  the  sub-group  Cobitidinae,  exhibit  a parallel,  and  in  many 
respects  a substantially  similar  series  of  modifications.  As  Weber  [loc.  cit.)  first 
pointed  out,  the  air-bladder  of  Cohitis  fossilis  is  not  only  of  relatively  small  size,  but 
is  also  completely  enclosed  within  a thin  bony  capsule  of  corresponding  shape.  Other 
Loach-like  forms  as,  for  example,  Nemachilus  and  Botia,  present  the  same  peculiarity, 
and  it  is  by  no  means  improbable  tliat  a similarly  modified  air-bladder  is  present  in 
all  or  most  of  the  remairnng  genera  of  this  section  of  the  family.  In  the  three  genera 
mentioned  above  the  degeneration  and  encapsulation  of  the  air-bladder  follow  much 
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the  same  lines  as  in  the  Siluridse  abnormales.  The  series  of  Weberian  ossicles  is 
complete,  including  even  an  intercalarium  ; the  anterior  chamber  of  the  typically 
bilocular  Cyprinoid  air-bladder,  as  a rule,  alone  persists,  although  in  a much  reduced 
condition ; the  posterior  chamber,  if  present  at  all,  is  scarcely  more  than  the  barest 
rudiment ; and  it  is  tbe  anterior  alone  which  is  encapsuled  by  bone.  Furthermore, 
such  characteristic  modifications  of  the  air-bladder  are,  in  these  genera,  undoubtedly 
associated  with  a purely  ground  habit  of  life.  Nemachilus  barhatula,  the  commonest 
of  English  Cobitidinse,  is  unquestionably  a ground  Fish,  its  general  habit  being  to 
lurk  under  stones  at  the  bottom  of  rapidly -flowing  streams,  or,  if  nearer  the  surface, 
to  rest  on  floating  weeds.  The  popular  names  “ Groundling”  and  “ Stone  Loach” 
sufficiently  indicate  the  habits  of  this  Fish.  Cohifis  tcenia,  a much  rarer  English 
species,  is  also  a “ ground”  Fish,  but  it  is  said  to  be  partial  to  muddy  bottoms.  Of 
the  East  Indian  genus  Botia,  Day*  remarks  that  it  “ can  scarcely  be  said  to  be 
entirely  a ground  feeder,  but  seems  intermediate  in  habit  between  the  true  Carp  and 
the  grovelling  Loaches.”  In  the  condition  of  its  air-bladder  Botia  exhibits  a similar 
gradation  between  the  two  types,  for,  while  the  anterior  chamber  is  completely 
encapsuled  by  bone,  the  posterior  chamber,  though  reduced  in  size,  is  still  better 
developed  than  in  Cohitis  and  Nemachilus. 

So  close  a parallelism  in  the  condition  of  the  air-bladder  and  the  habits  of  its 
possessor  in  two  families  so  well  defined  and  distinct,  both  in  general  characters  and 
the  structure  of  the  air-bladder  and  Weberian  mechanism,  as  the  Cyprinidse  and 
Siluridm,  can  only  be  due  to  the  operation  of  similar  causes  in  both  instances,  and  in 
our  opinion  is  strongly  confirmatory  of  the  conclusions  we  have  already  arrived  at  in 
the  case  of  the  latter  family.  But  although  the  modifications  which  the  air-bladder 
undergoes  in  the  abnormal  forms  of  both  families  are  substantially  similar  in  principle 
and  in  result,  and  have  no  doubt  been  evolved  in  each  case  to  bring  the  organism 
into  harmony  with  practically  similar  external  conditions,  there  are  certain  minor 
differences  between  the  two  as  to  the  precise  means  employed.  Encapsulation  of  the 
air-bladder  in  the  Cyprinidae  appears  invariably  to  result  from  the  actual  ossifi- 
cation of  the  walls  of  the  air-bladder  itself,  the  modified  transverse  processes  taking- 
little,  if  any,  share  in  the  process.  This  may  possibly  be  explained  by  the  fact  that 
in  these  Cyprinidse  with  a normally-developed  air-bladder,  the  transverse  processes, 
though  greatly  developed  in  size  and  otherwise  modified,  are  never  so  expanded  or  so 
closely  moulded  to  the  anterior  and  dorsal  surfaces  of  the  anterior  chamber  as  is 
always  the  case  in  the  normal  Siluridae,  and  hence,  instead  of  encapsulation  being 
effected,  as  is  generally  the  case  in  the  latter,  by  a slight  extension  of  a modification 
already  existing,  it  has  been  brought  about  in  the  former  by  the  actual  ossification  of 
the  outer  coat  of  the  air-bladder  itself.  The  completeness  of  encapsulation  in  the 
Cyprinidae  we  associate  with  the  general  integrity  of  the  rest  of  the  air-bladder  and 
Weberian  mechanism,  for  reasons  previously  urged  in  the  case  of  certain  Siluridae 

* ‘ Cotteswold  Nat.  Field  Club,’  1880,  p.  10. 
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abnormales.  Further  investigation  may  prove  that  a considerable  number  of  Cypri- 
nidse  besides  the  Cobitidihae  possess  reduced  and  bone-encapsuled  air-bladders,  more 
especially  those  hilly  or  Alpine  genera,  such  as  Gymnocypris,  Oreinus,  Schizothorax, 
Ptychoharhus,  Schizopygopsis,  Diptychus,  and  others,  that  certainly  live  under  con- 
ditions in  every  respect  very  similar  to  those  which  in  so  many  Siluridae  are 
associated  with  a degenerate  bladder.  The  small  East  Indian  Cyprinidae  which 
are  included  in  the  sub-group  Homalopterina  are  usually  described  as  entirely  with- 
out an  air-bladder.  Tliey  are  said  to  be  exclusively  ground  forms,  with  the  ventral 
surface  of  the  body  flattened  for  adhesion  to  stones  at  the  bottom  of  the  rapid  hill 
and  mountain  streams  to  which  they  are  restricted.  The  habits  of  these  Fishes 
would  certainly  lead  us  to  expect  that  the  air-bladder  would  be  rudimentary  and 
enclosed  within  bony  capsules,  but  its  complete  suppression  is  unique  so  far  as  the 
Ostariophysese  are  concerned.  But  in  view  of  the  fact  that  the  very  existence  of  an 
air-bladder  has  been  denied  in  the  case  of  several  Siluroids  which  are  now  known  to 
possess  at  least  a vestige  of  that  organ,  the  statement  that  it  is  completely  absent 
in  the  Homalopterinae  cannot  be  accepted  without  further  confirmation. 

VI. — Concluding  Kemarks. 

The  many  and  varied  structural  modifications  met  with  in  the  air-bladder  of  the 
Siluridie  are  not  surprising  in  view  of  the  exceptionally  diversified  conditions  under 
wdiich  the  different  species  and  genera  live.  Their  geographical  distribution  is  almost 
co-extensive  with  the  tropical  and  subtropical  regions  of  the  Earth’s  surface,  and  both 
the  habitat  and  habits  of  the  different  species  are  remarkably  varied.  Some  Alpine 
species  are  restricted  to  mountain  streams  often  at  an  altitude  of  several  thousands  of 
feet  above  the  sea  level,  and  sometimes  reaching  a height  of  15,000  feet,  as  is  the 
case  with  certain  Siluroids  of  the  Andes  of  South  America ; other  species  are  charac- 
teristic of  the  streams  of  the  hilly  country  of  a lower  level ; while  other  species  again 
are  equally  characteristic  of  the  larger  rivers  and  lakes  of  the  plains ; and  a limited 
few  are  marine,  extending  even  to  some  of  the  Oceanic  islands  of  the  Pacific.  The 
climatic  variations  to  which  the  Siluridae  are  subject  are  almost  as  diversified. 
Though  mainly  tropical  or  subtropical,  certain  genera  are  exposed  to  an  almost  Arctic 
climate,  at  least  for  a portion  of  the  year,  the  result  either  of  the  altitude  at  which 
they  live,  or  of  their  extension  to  the  confines  of  the  north  temperate  regions.  The 
physical  conditions  under  which  many  Siluridse  are  capable  of  living  are  almost  as 
varied  as  their  geographical  distribution  or  climatic  range.  Many  of  them  are  ground- 
feeders  ; some  of  them  have  a remarkable  power  of  living  out  of  water ; others  are 
liable  through  prolonged  drought  and  the  consequent  drying  up  of  rivers  or  lakes  to 
become  buried  in  the  mud  for  longer  or  shorter  periods  without  subsequent  injury; 
and  others  again  are  said  to  be  capable  of  migration  upon  land  from  river  to  river. 

Darwin*  has  pointed  out,  in  referring  to  the  conditions  favourable  to  variation  in 
* ‘ The  Origin  of  Species,’  fith  ed.,  pp.  42  to  43. 
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animals  and  plants,  that  it  is  common,  widely-diffused  and  widely-ranging  species 
that  vary  most,  and  that  this  might  be  expected  from  the  diverse  physical  conditions 
to  which  they  are  exposed,  as  well  as  from  differences  in  the  nature  and  quality  of 
their  living  competitors  in  different  regions.  Elsewhere*  he  likewise  alludes  to  the 
fact  that  an  organ  developed  in  an  extraordinary  manner  implies  that  it  is  of  high 
functional  importance  to  the  species,  and  that  it  may  also  be  concluded  that  the 
organ  has  undergone  a great  amount  of  variation  since  it  first  came  into  existence. 
It  is  clear  that  the  Siluridm  furnish  an  admirable  illustration  of  the  truth  of  these 
remarks.  Their  extensive  geographical  distribution  and  highly  varied  habitat,  their 
richness  alike  in  individuals  and  species,  and,  in  short,  their  dominant  position  in 
fresh  waters  over  wide  areas,  are  quite  sufficient  to  account  for  almost  infinite  variation. 
On  the  other  hand,  in  the  air-bladder  and  Weberian  mechanism  combined  we  have 
an  organ,  which,  from  its  highly  specialized  and  remarkable  development,  must  be  of 
great  functional  importance  to  these  Fishes.  Hence,  the  extraordinary  variations 
which  this  organ  and  its  correlated  skeletal  structures  present  need  occasion  no 
surprise  when  it  is  obvious  that  we  have  in  the  character  of  the  organ  itself,  and  in 
the  external  environment  of  the  family  in  which  it  is  most  highly  specialized,  all  the 
conditions  necessary  for  the  action  of  natural  selection  in  producing  rapid  and 
extensive  modification,  either  in  the  progressive  or  retrogressive  direction.  Under 
such,  conditions  adequate  scope  would  be  afforded  for  the  operation  of  natural 
selection  in  perfecting  the  useful  organ  and  eliminating  by  atrophy  and  degeneration 
the  useless  one.  Nor  is  it  difficult  to  see  how  it  is  that  the  Weberian  apparatus  and 
air-bladder  are  more  specialized  in  the  Silurida3  than  in  other  Ostariophysese.  The 
only  rivals  to  the  Siluridae  in  the  extent  of  their  geographical  distribution  are  the 
Cyprinidse,  for  the  remaining  families  have  but  a comparatively  restricted  range. 
But  extensive  as  is  .their  geographical  distribution,  the  great  majority  of  the 
Cyprinidae  appear  to  exist  under  fairly  uniform  conditions,  or,  at  all  events,  exhibit 
nothing  like  the  diversity  of  habitat  and  habits  that  is  so  characteristic  of  the 
Siluridae,  and  hence  it  is  that  so  far  as  the  structure  of  the  air-bladder  and  Weberian 
mechanism  is  known  in  the  former  family,  it  presents  but  little  variation  in  the 
direction  of  increased  specialization,  although  in  a few  genera  the  effects  of  degeneration 
are  sufiiciently  obvious. 

VII. — Systematic  Index. 

In  this  Index  we  have  adhered  to  Dr.  Gunther’s  classiBcation  and  order  of  enume- 
ration, as  set  forth  in  his  “ Catalogue  of  the  Fishes  in  the  British  Museum,”  vol.  5, 
1864,  p.  xi.  Species  referred  to  by  us  which  are  not  in  that  Catalogue  are  added  at 
the  end  of  the  list  of  species  belonging  to  that  particular  genus.  The  pages  where 
any  species  is  described  in  detail  are  indicated  by  the  use  of  a heavier  type. 

* Ibid.,  p.  119. 
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SlLURID^E. 

First  Sub-family.  Silurid.e  Homaloptera:. 
First  Group.  Clariina. 

Clarias,  Gronov. 

anguillaris,  L.,  188,  195. 
macr acanthus,  Gthr.,  195. 
rnagur,  Ham.  Buch.,  187,  188,  195,  305. 
fuscus,  Lacep.,  188,  195. 

Nieuhofii,  C.  et  V.,  187-195,  199. 
hassclquistii,  C.  et  V.,  187. 

Macvopteronotus  magur  (cf.  Clarias). 
llcterohranchus,  Geoffr.,  195. 

Second  Group.  Plotosina. 

Plotosus,  Lacep. 

angiiillaris,  Bl.,  197,  198. 
caniiis,  Ham.  Bucii.,  195-197,  198,  201. 
Copidoglanis,  Gthr. 

alhilahris,  C.  et  V.,  198. 

Cnidoglanis,  Gthr. 

megastoma,  Hichards,  198,  201. 

Third  Group.  Chacina. 

Chaca,  C.  et  V. 

lop>hioides,  C.  et  V.,  199. 

Second  Sub-family.  Silurid.e  Heteropter^e. 

Fourth  Group.  Silurina. 

Saccohranchus,  C.  et  V. 

fossilis,  Bl.,  199,  200. 

Silurus,  Artedi. 

glanis,  L.,  G6,  100,  200,  201,  226,  233,  282. 
cochinchinensis,  C.  et  V.,  201. 

Wallago,  Blkr. 

aitu,  ScHX.,  201. 

Eulropiichthys,  Blkr. 

vaeha,  Ham.  Bucil,  201,  202. 
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Cryptopterus,  Gthr. 

limpok,  Blkr.,  203,  213. 
p)alembangensis,  Blkr.,  203. 
hicirrhis,  C,  et  V.,  203. 

micropus,  Blkr.,  202,  204,  205,  211,  249,  30G. 
micronema,  Blkr.,  202,  203,  235. 
hexapterus,  Blkr.,  202,  204,  205,  249,  306. 
micropogon,  Blkr.,  203,  235. 

Callichrous,  Gthr. 

himaculatus,  Bl.,  207. 
ceylonensis,  Gthr.,  202,  206,  207. 
p>aho,  Ham.  Buch.,  207. 
liypo'phthalmus,  Blkr.,  207. 

Schilbe,  Blkr. 

mysius,  C.  et  V.,  207,  208. 

Eutropius,  Mull,  et  Trosch. 

niloticus,  Bupp.,  208. 
murius  (cf.  Pseudeutropius). 

Ailia,  C.  et  V. 

hengalensis,  Gray,  208-211. 

Schilhichthys,  Blkp. 

garua,  Ham.  Buch.,  202,  211-213,  214  (cf.  P seudeutropius). 
Lais,  Blkr. 

hexanema,  Blkr.,  213,  214. 

Pseudeutropius,  Blkr. 

atherinoides,  Bl.,  214. 

goongwaree,  Sykes,  214. 

murius,  Ham.  Buch.,  214  (cf.  Eutropius). 

garua  (cf.  Schilhichthys). 

Pangasius,  C.  et  V. 

Buchanani,  C.  et  V.,  167,  214-218,  219,  234,  235,  243,  244. 
djamhal,  Blkr.,  167,  214,  219,  235,  243,  244. 
macronema,  Blkr.,  219,  220,  221,  235,  243,  244. 
micronema,  Blkr.,  220,  221,  244. 
juaro,  Blkr.,  221,  243,  244. 

Silondia,  C.  et  V. 

gangetica,  G.  et  V.,  221-223. 
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Third  Sub-family.  Silurid.e  Anomalopter.e. 

Fifth  Group.  Hyrophthalmina. 

llyjyopldhalmus,  C.  et  V. 

marginaiiis,  C.  et  V.,  176-178. 


Fourth  Sub-family.  SiLURiDyE  Proteropter.e. 

Sixth  Group.  Bagjuna. 

Bagrus,  Blkr. 

hay  ad,  Forsk.,  102. 
docmac,  Forsk.,  102. 

(Sciades)  emphysetus,  M.  et  T.  (cf.  Arius). 

Chrysichthys,  Gthr. 

macrops,  Gthr.,  102. 

Macrones,  Dum. 

nigriceps,  C.  et  V.,  100. 

aor,  Ham.  Bucil,  76,  101,  102,  103,  232,  235,  237,  243. 
guUo,  Ham.  Buch.,  100. 

nemunis,  C.  et  V.,  63,  100,  101,  102,  103,  104,  106,  218,  240,  268, 
27  5. 

Hoevenii,  Blkr.,  100,  101,  104. 
planiceps,  K.  et  v.  H.,  100. 
tengara,  Ham.  Buch.,  100. 

WoJffii,  Blkr.,  100. 

armatus,  Day  (il7.  vittatus,  Blkr.),  100. 

Pseudobag nis,  Blkr. 

fulvi-draco,  Bichards,  103. 
hrachysoma,  Gthr.,  102,  103,  105,  112. 

Liocassis,  Blkr. 

micropogon,  Blkr.,  103,  104. 

Bagroides,  Blkr. 

melanopterus,  Blkr.,  103,  104,  105,  235. 

Rita,  Blkr. 

crucigera,  Owen,  105-107. 

Acrochordonichthys,  Blkr. 

pleurostigma,  Blkr.,  107,  110  112. 

Alysis,  Blkr. 

varicgalus,  Blkr.,  107-110. 

Kurzii,  Day,  110. 
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Olyra,  M’Clell. 

hurmanica,  Day,  112, 

Amiurus,  Gthe. 

catus,  L.,  66,  69,  78,  80,  98,  100,  130,  112,  224,  233,  260,  267,  275. 
Seventh  Group.  Pimelodina. 

Soruhim,  Blkr. 

lima,  ScHN,,  118. 

Platystoma,  Agass. 

fasciatvm,  L.,  118,  125,  135,  246. 
tigrinum,  C.  et  V.,  113-118,  135,  243,  246, 
coruscans,  Agass.,  118,  246. 

Piramutana,  Gthe. 

piramuta,  Knee.,  118,  119,  243. 

Blochii,  C.  et  V.,  119. 

Pseudarioides  clarias,  Bl.  (of.  Piramutana  Blochii). 

Piratinga,  Gthe. 

Jilamentosa,  Light.,  119,  246. 

Pimelodus,  Gthe. 

macnlatus,  Lacep.,  119,  120,  243. 

ornatufi,  Knee.,  120,  243. 

sapo,  Val.,  123-125,  247,  248,  249,  253,  306. 

pidcher,  Boul.,  121-123,  248,  250,  253,  306,  311. 

pangasius,  Ham.  Buch,  (cf.  Pangasius  Buchanaui). 

gylatypogon,  K.  et  v.  H.  (cf.  Glyptosternum). 

Jilamentosa,  Light,  (cf.  Piratinga). 
macropterus,  Light,  (cf.  Callophysus). 

Callophysus,  M.  et  T. 

macropterus,  Light.,  125, 

Auchenoglanis,  Gthe.  [Auclienaspis,  Blke.) 
hiscutatus,  Geoffe.,  88,  125-127. 


Eighth  Group.  Aetina. 

Arius,  Gthe. 

thalassinus,  Bupp.,  137. 
sagor.  Ham.  Bugh.,  137,  138. 
arioides,  C.  et  V.,  137. 
assimilis,  Gthe.,  137,  138. 
emjdiysetus,  M.  et  T.,  139,  246. 
latiscntatus,  Gthe.,  137,  138. 
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Milherti,  C.  et  V.,  138,  24G. 
truncatus,  C.  et  V.,  137. 
ccelatus,  C.  et  V.,  137,  138,  24G. 
venosus,  C.  et  V.,  137,  138. 
titiJc,  Blkr.,  137. 
argyropleuron,  K.  et  v.  H.,  137. 
maculatns,  Thunb.,  137. 

jndada,  Blkr.,  128-137,  139,  140,  141,  143,  154. 
gagora,  Ham.  Buck.,  138,  139. 
australis,  137,  138. 

Ilemipimelodus,  Blkr. 

horneensis,  Blkr.,  139,  140. 

{cenia,  Ham.  Buch.,  140,  = CaJlomystaoc  sp.). 
{viridescens,  Ham.  Buck.,  140,  = Callomystax  .<?p.). 
Galeichthys  Gronovii  (cf.  /Eluriclithys). 

Ketengus.  Blkr. 

typus,  Blkr.,  140. 

JEhiriclitliys,  Baird  et  Gir. 

loiigispinis,  Gthr.,  140,  141,  24G. 

Gronovii,  C.  et  V.,  140,  141,  24G, 

Osteogeniosus,  Blkr. 

militaris,  L.,  143. 

Valenciennesii,  Blkr.,  141-143. 
macrocep)halus,  Blkr.,  143. 

Batrachocephahis,  Blkr. 

mino.  Ham.  Buck.,  133,  141. 


Ninth  Group.  Bagarina. 

Bagarius,  Blkr. 

YarrelUi,  Sykes,  143-147,  187,  190,  30G. 
Euclyptostcrnum,  Gthr. 
sp.  ? 155. 

Glyptosternum,  Gthr. 

platypogon,  K.  et  v.  H.,  147-155. 
telchitta.  Ham.  Bucil,  147. 
conirostris,  Steindach,  155. 

Ilara,  Blyth. 

Buchanani,  Blyth,  155. 

Amhiycejys,  Blyth. 

sp.  ? 156. 


ON  THE  ANATOMY  OF  FISHES. 


321 


Fifth  Sub-family.  Silurida:  Stenobranchia:. 
Tenth  Group.  Doradina. 

Ageniosus,  Lacep. 

militaris,  Bl.,  166,  253,  259. 

Euanemus,  M.  et  T. 

nuchalis,  Spix,  162,  163. 

Auchenipterus,  C.  et  V. 

nodosus,  Bl,,  156-162,  165,  264. 
obscurus,  Gthr.,  162,  236,  264. 

Cetopsis,  Agass. 

candira,  Agass,  163,  164. 

Doras,  Gthr. 

maculatus,  Val.  (f  muricus,  Kner.),  164,  165,  246. 
Oxydoras,  Gthr. 

brevis,  Heck.,  165,  166,  244. 

Synodontis,  C.  et  V. 

Scbal,  ScHN.,  166-168. 


Eleventh  Group.  Rhinoglanina. 
Callomystax,  Gthr. 

gagata,  Ham.  Buch.,  168-173,  139,  140. 


Twelfth  Group.  Malapterurina. 

Malapterurus,  Lacep. 

electricus,  Gm.,  173-176,  235. 
beninensis,  Murray,  176. 

Sixth  Sub-family.  Silurida:  Proteropodes. 

Thirteenth  Group.  Hypostomatina. 

Callichthys,  L. 

asper,  Q.  et  G.,  183. 
littoralis,  Hancock,  178,  183. 

Plecostomus,  Gthr,  {Uypostomus,  Lacei’.). 
verres,  C.  et  V.,  178,  183. 

Acantliicvs,  Spix  {“  Ehinelepis”). 

hystrix,  Spix,  178-180,  181,  182,  183. 
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Loricaria,  L. 

cata2^hracta,  h..  178,  180-182. 
nudirostris,  Kner,  180-182. 

Sisor,  Ham.  Buck.,  183. 

Fseudecheneis,  Blyth,  183. 

Exostoma,  Blyth. 

Blythii,  Day,  184. 

Fourteenth  Group.  Aspredinina. 

Asj:»'edo,  L. 

hatrachus,  L.  {IcBvis,  Bl.),  184. 
cotylopliorus,  Bl.,  184-187. 
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IX. — Description  of  the  Plates. 

{Unless  stated  otherwise  the  Figures  are  of  natural  size.  Figures  relating  to  any 
species  are  not  necessarily  all  drawn  from  the  same  specimen.) 


PLATE  XL 


Figs.  1—6  and  8—24. — Macrones  nemurus. 

Fig.  1.  Lateral  view  of  the  skull  and  anterior  vertebrae. 

Fig.  2.  Vertical  longitudinal  section. 

Fig.  3.  Ventral  view  of  hinder  part  of  skull  and  the  anterior  vertebrae  ; 
X 2. 

Fig.  4.  Lateral  view  ; X 3. 

Fig.  5.  Vertical  longitudinal  section  of  the  hinder  part  of  the  skull,  and  of 
the  first  and  complex  vertebrae  ; X 3. 

Fig.  6.  Posterior  face  of  the  skull  and  the  post-temporal  of  the  left  side  ; 
X 11. 

Fig.  7.  Transverse  section  through  the  occipital  region  of  the  skull  of 
Macrones  aor ; X 2. 

Fig.  8.  View  of  the  cranial  floor  and  auditory  capsules,  the  roof  of  the  skull 
having  been  removed  ; X 3. 

Fig.  9.  A similar  view,  but  with  the  membranous  labyrinth  in  sita,  so  as 
to  show  the  relations  of  the  latter  to  the  Weberian  ossicles  ; 
semi-diagrammatic ; X 4. 

Fig.  10.  The  Weberian  ossicles  ; external  lateral  view  , X 3. 

Fig.  11.  The  scaphium  ; internal  view  ; X 3. 

Fig.  12.  The  Weberian  ossicles  ; ventral  view  ; X 3. 

Fig.  13.  The  tripus  ; dorsal  view  ; X 3. 

Fig.  14.  The  tripus  ; ventral  view  ; X 3. 


PLATE  XII. 

Fig.  15.  Lateral  view  of  the  head  and  anterior  portion  of  the  trunk. 

Fig.  16.  Lateral  view  of  the  head  and  anterior  portion  of  the  trunk,  after 
the  removal  of  the  external  skin  on  the  right  side. 

Fig.  17.  Ventral  view  of  the  air-bladder  m ; X 2. 

Fig.  18.  Ventral  view  of  the  air-bladder  in  situ;  after  the  removal  of  its 
ventral  wall ; X 2. 

Fig.  19.  The  dorsal  and  lateral  walls  of  the  air-bladder,  showing  the  arrange- 
ment of  the  fibres  forming  the  outer  and  inner  strata  of  the 
tunica  externa ; tlieir  relations  to  the  tri])odes,  and  the  anterior 
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and  posterior  pillars  of  the  anterior  chamber ; semi-diagram- 
matic ; X 2. 

Fig.  20.  Similar  view  of  part  of  the  dorsal  wall  of  the  anterior  chamber ; 
X 4. 

Fig.  21.  Weberian  ossicles;  ventral  view,  showing  the  attachment  of  the 
fibres  of  the  inner  stratum  of  the  tunica  externa  to  the  left 
tripus,  and  also  the  radial  fibres  ; X 3. 

Fig.  22.  Similar  view  of  the  attachment  of  the  fibres  of  the  outer  stratum  ; 
X 3. 

Fig.  23.  Transverse  section  through  the  body  in  the  region  of  the  anterior 
chamber  of  the  air-bladder  ; semi-diagrammatic. 

Fig.  24.  Diagrammatic  representation  of  the  relations  of  the  auditory  organ, 
the  cavum  sinus  imparis,  and  the  atrial  cavities  to  the  Weberian 
ossicles  and  air-bladder. 

Fig.  25. — Macrones  aor.  View  of  the  posterior  face  of  the  skull  with  the  post-tem- 
porals in  situ. 


PLATE  XIII. 

Fig.  26. — Pseudohagrus  hracliysoma.  Ventral  view  of  the  anterior  vertebrte  and  the 
modified  transverse  processes. 

Fig.  27. — Rita  crucigera.  Ventral  view  of  the  cavity  of  the  air-bladder. 

Fig.  28. — Acrochordonichthys  jpleiirostigma.  Base  of  the  skull,  and  the  modified 
anterior  vertebrae  ; ventral  view  ; X 3. 

Figs.  29  and  30. — Akysis  variegatus. 

Fig.  29.  Base  of  the  skull,  and  the  anterior  vertebrae  ; ventral  view  ; X 2. 
Fig.  30.  Ventral  view  of  the  air-sacs  i?i  situ;  X 3. 

Figs.  31-34. — Platystoma  tigrinum. 

Fig.  31.  Vertical  longitudinal  section  through  the  anterior  vertebrae  ; ^ nat. 
size. 

Fig.  32.  Ventral  view  of  the  left  halves  of  the  anterior  vertebrae  and  their 
processes  ; | nat.  size. 

Fig.  33.  Ventral  view  of  the  air-bladder  in  situ. 

Fig.  34.  Interior  of  the  air-bladder ; ventral  view. 


PLATE  XIV. 

Fig.  35. — Piramutana  piramuta.  Ventral  view  of  the  base  of  the  skull  and  of  the 
anterior  vertebrae  ; the  interior  of  the  right  half  of  the  bladder  is  also 
shown  ; X 2. 

Fig.  36. — Pimelodus  ornatus.  Interior  of  the  air-bladder  ; ventral  view  ; X 2. 
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Figs.  37,  38. — Pimelodus  sapo. 

Fig.  37.  Ventral  view  of  the  right  half  of  the  bladder  and  the  left  osseous 
capsule  ; the  ventral  part  of  the  right  capsule  has  been  removed  ; 
X 11. 

Fig.  38.  The  left  tripus  ; ventral  view  ; X 3. 

Figs.  39-41. — Pimelodus  pulcher. 

Fig.  39.  Base  of  the  skull,  the  right  air-sac,  the  left  osseous  capsule,  and 
the  modified  anterior  vertehrse  ; X 2. 

Fig.  40.  Ventral  view  of  the  interior  of  the  two  air-sacs  ; X 2. 

Fig.  41.  Ventral  view  of  the  left  tripus ; X 2. 

Figs.  42-44. — Auchenoglanis  hiscutatus. 

Fig.  42.  Ventral  view  of  the  right  halves  of  the  anterior  vertebrfe  and  their 
processes. 

Fig.  43.  The  left  tripus  ; ventral  view. 

Fig.  44.  Ventral  view  of  the  interior  of  the  air-bladder. 

Figs.  45-49. — Arius  pidada. 

Fig.  45.  Lateral  view  of  the  hinder  part  of  the  skull  and  the  anterior  vertebrm. 

PLATE  XV. 

Fig.  4G.  Vertical  longitudinal  section  of  the  hinder  part  of  the  skull  and  the 
anterior  vertebrm. 

Fig.  47.  The  base  of  the  skull  and  the  anterior  vertebrae  ; ventral  view. 

Fig.  48.  Interior  of  the  air-bladder ; ventral  view. 

Fig.  49.  The  Weberian  ossicles. 

Fig.  50. — Ketengus  typus.  Lateral  view  of  the  interior  of  the  air-bladder,  the  right 
outer  wall  having  been  removed. 

Fig.  51. — Osteogeniosus  Valenciennesii.  Ventral  view  of  the  interior  of  the  air-bladder. 

Fig.  52. — Batrachocephalus  mino.  Interior  of  the  air-bladder ; ventral  view. 

Figs.  53,  54. — Bagarius  Yarrellii. 

Fig.  53.  The  base  of  the  skull,  the  anterior  vertebrae,  the  right  aii'-sac,  and 
the  left  osseous  capsule.  The  stem  and  ascending  process  of  the 
post  temporal  have  been  removed  ; X 2. 

Fig.  54.  The  left  tripus  ; X 2. 

PLATE  XVI. 

Figs.  55-58.  — Glyptosternum  platypogon. 

Fig.  55.  The  base  of  the  skull,  the  anterior  vertebrae,  and  the  bony  capsules 
for  the  air-sacs  ; ventral  view  ; X 2. 

Fig.  5G.  Lateral  view  of  the  hinder  part  of  the  skull,  the  pectoral  girdle,  and 
the  neural  spines  of  the  anterior  vertebrae  ; X 2. 
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Fig.  57.  Ventral  view  of  the  two  air-sacs,  showing  their  relations  to  the 
osseous  capsules  ; X 2. 

Fig.  58.  The  right  tripus  ; X 2. 

Figs.  59-63. — Auchenipterus  nodosus. 

Fig.  59.  Ventral  view  of  the  anterior  vertebrae  and  the  “ elastic-spring” 
apparatus. 

Fig.  60.  Similar  view  of  the  interior  of  the  air-bladder. 

Fig.  61.  Lateral  view  of  the  air-bladder  and  skull,  showing  the  left  protractor 
muscle  of  the  mechanism. 

Fig.  62.  Ventral  view  of  the  right  tripus. 

Fig.  63.  Dorsal  view. 

Figs.  64-66.  Oxydoras  hrevis. 

Fig.  64.  Ventral  view  of  the  anterior  vertebrae  and  the  “ elastic-spring” 
mechanism ; X 2. 

Fig.  65.  The  left  tripus  ; ventral  view  ; X 2. 

Fig.  66.  Ventral  view  of  the  interior  of  the  air-bladder  ; X 1^-. 

Fig.  67. — Synodontis  schcd.  Ventral  view  of  the  anterior  vertebrae  and  the  “ elastic- 
spring” apparatus. 

Figs.  68-70. — Ccdlomystax  gagata. 

Fig.  68.  Side  view  of  the  anterior  vertebrm,  showing  the  left  osseous  capsule 
and  its  air-sac,  the  lateral  cutaneous  area  of  that  side  having 
been  removed  ; X 2. 

Fig.  69.  Lateral  view  of  the  anterior  portion  of  the  trunk. 

PLATE  XVII. 

Fig.  70.  Ventral  vieAV  of  the  osseous  capsules  and  their  contained  ah’-sacs ; 
X 2. 

Figs.  71,  72. — Malapterurus  dectricus. 

Fig.  71.  Interior  of  the  air-bladder;  ventral  view. 

Fig.  72.  Side  view  of  the  hinder  part  of  the  skull  and  the  anterior  vertebrae, 
showing  the  left  elastic-sjiring  and  its  protractor  muscle. 

Figs.  73-77.  Aspredo  cotylophorus. 

Fig.  73.  Base  of  the  skull  and  the  anterior  vertebrae ; ventral  view. 

Fig.  74.  Vertical  longitudinal  section  of  the  liinder  part  of  the  skull  and 
the  anterior  vertebne  ; X 2. 

Fig.  75.  Lateral  view  of  the  hinder  part  of  the  skull,  the  pectoral  girdle, 
and  the  first,  the  complex,  and  the  fifth  vertebrae  ; X 2. 

Fig.  76.  Ventral  view  of  the  two  air  sacs  in  dtu. 

Fig.  77.  Ventral  view  of  the  interior  of  the  two  air-sacs. 
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Figs.  78-81. — Clarias  Nieuhojii. 

Fig.  78.  The  base  of  the  skull,  the  anterior  vertebrae,  and  the  two  osseous 
capsules ; X 2. 

Fig.  79.  Vertical  longitudinal  section  of  the  hinder  part  of  the  skull  and 
the  anterior  vertebrae  ; X 2. 

PLATE  XVIII. 

Fig.  80.  Ventral  view  of  the  two  air-sacs  in  situ. 

Fig.  81.  Ventral  view  of  the  interior  of  the  right  air-sac,  showing  the  fibres 
of  the  dorsal  wall  and  their  relations  to  the  tripodes  ; X 2. 

Figs.  82,  83. — Plotosus  canius. 

Fig.  82.  Ventral  view  of  the  anterior  vertebrae  and  the  tripodes  ; X 1^. 

Fig.  83.  Interior  of  the  air-bladder  ; ventral  view ; X 2. 

Fig.  83a. — Saccohranclius  fossilis.  Ventral  view  of  trlpus  ; X iV 

Fig.  84. — Silurus  glanis.  Interior  of  the  air-bladder  ; ventral  view  ; X 1^. 

Fig.  85. — Eutropiichthys  vacha.  The  base  of  the  skull,  the  bony  capsules,  and  the 
anterior  vertebrae  ; X 2. 

Fig.  86. — Cryptopterus  hexapterus.  Ventral  view  of  the  anterior  vertebrae  and  their 
processes  ; X 2. 


PLATE  XIX. 


Figs.  87,  88. — Ailia  hengalensis. 

Fig.  87.  The  base  of  the  skull  and  the  osseous  recesses  for  the  tubiform  air- 
bladder  ; ventral  view  ; X 3. 

Fig.  88.  Lateral  view  ; X 3. 

Fig.  89. — SchilhicJithys  garua.  Ventral  view  of  the  base  of  the  skull,  the  right 
osseous  capsule,  and  the  interior  of  the  left  half  of  the  air-bladder  ; 
X 2. 

Figs.  90,  93,  'di.  - Pangasius  djamhal. 

Fig.  90.  Ventral  view  of  the  left  halves  of  the  anterior  vertebrae,  and  the 
left  “ elastic-spring.” 

Fig.  93.  Interior  of  the  air-bladder;  ventral  view. 

Fig.  94.  The  right  tripus  ; ventral  view. 

Figs.  91,  92. — Pangasius  Buchanani. 

Fig.  91.  Interior  of  the  air-bladder  ; ventral  view. 

Fig.  92,  Ventral  view  of  the  anterior  chamber  ; X 3. 

Fig.  95.  Pangasius  juaro. — Ventral  view  of  the  anterior  vertebrae,  and  the  ‘‘  elastic- 
spring ” apparatus  ; X 4. 

Fig.  96.  Pangasius  micronema. — Ventral  view  of  the  anterior  vertebrae  and  their 
MDCCCXCIII. — B.  2 U 
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processes,  showing  the  absence  of  an  “elastic-spring”  mechanism;  the 
left  clavicle  is  withdrawn  from  its  socket  ; X 2. 

Figs.  97,  98. — Silondia  gangetica. 

Fig.  97.  Ventral  view  of  the  cavity  of  the  air-bladder. 

Fig.  98.  Enlarged  view  of  the  right  half;  X 3. 


ac. p. 
a.c. 
a.g. 
c.c. 
cd.c. 

c. g. 

d. l. 
i.s.\ 
it.c. 

n. s.^,  n.s*. 

n. f. 

o. r. 
l)tf 
r.\ 

r. n. 

s. os. 

sp.n},  sp.n 

s. v.p. 

t. p.\ 
t.p^a. 

t.p.^p. 
t.p.^,  t.p.^ 
V \ v},  v.^ 

v.p. 


X. — Eeference  Letters. 

(The  lettering  is  uniform  throughout.) 

I.  Vertehral  Column. 

Accessory  articular  processes. 

Aortic  canal. 

Aortic  groove. 

Complex  centrum. 

Cardinal  canal. 

Cardinal  groove. 

Dorsal  lamina. 

First  and  second  interspinous  bones. 

Intercalated  cartilage. 

Neural  spines  of  the  third  and  fourth  vertebrte. 

Nutrient  foramina. 

Oblique  lateral  ridge  of  the  complex  centrum. 

Post-temporal  facet  on  the  transverse  process  of  the  fourth  vertebra. 
First  rib. 

Radial  nodule. 

Superficial  ossification  of  the  complex  centrum. 

&c.  Foramina  for  the  exit  of  the  first  and  succeeding  spinal  nerves. 
Sub- vertebral  process. 

Transverse  process  of  the  fourth  vertebra. 

Anterior  division  of  the  transverse  process  of  the  fourth  vertebra. 
Posterior  division  of  the  transverse  process  of  the  fourth  vertebra. 
Transverse  processes  of  the  fifth  and  sixth  vertebroe. 

First,  fifth,  and  sixth  vertebral  centra. 

Ventral  process. 


IT.— 7’Ae  Skull. 

(d.s.  Alisphenoid. 

at. a.  External  atrial  aperture. 

l^-o.  Basioccipital. 
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crx. 

Cranial  cavity. 

c.s.i. 

Cavum  sinus  imparis. 

e.o. 

Exoccipital. 

e.oJ. 

Neural  plate  of  exoccipital. 

e.o.^. 

Posterior  plate  of  exoccipital. 

e.o.^. 

Opisthotic  plate  of  exoccipital. 

e.o^. 

Horizontal  plate  of  exoccipital. 

e'p.o. 

Epiotic. 

fmg. 

Foramen  magnum. 

fs. 

Cranial  recesses  for  the  sacculi  (fovse  sacculi). 

h.c. 

Canal  for  horizontal  semicircular  canal. 

l.g. 

Lateral  groove  for  the  ductus  sacculo-utricularis. 

o.s. 

Orbitosphenoid. 

p. 

Parasphenoid. 

p)t.O. 

Pterotic. 

pr.o. 

Prootic. 

s.o. 

Supraoccipital. 

so. 

Supraoccipital  spine. 

sp.o. 

Sphenotic. 

t.g. 

Transverse  groove  for  the  ductus  endolymphaticus. 

tp.f. 

Temporal  fossa. 

ut.r. 

Recess  for  the  utriculus  and  semicircular  canals. 

V,  V'. 

Foramina  for  the  Fifth  cranial  nerve  (Trigeminal)  and  for  its  lateral 
branch. 

VII,  IX,  X. 

, Foramina  for  the  Seventh  (Facial),  Ninth  (Glossopharyngeal),  and 
Tenth  (Vagus)  nerves  respectively. 

III. — Pectoral  Girdle. 

cl. 

Clavicle. 

cl.s. 

Socket  for  the  head  of  the  clavicle. 

cl.p. 

Posterior  process  of  the  clavicle. 

cl.p. 

Additional  posterior  process  of  clavicle. 

CO. 

Coracoid. 

pt. 

Post-temporal. 

pt.Cl. 

Ascending  process  of  the  post-temporal. 

pt.i. 

Inferior  process  or  limb  of  post-temporal. 

pt.p. 

Post-temporal  plate. 

pt.s. 

Descending  process  or  stem  of  jiost-temporal. 

2 U 2 
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at. 
at. a. 
a.v.c. 

c. s.i. 

d. e. 
d.s.u. 
J.s. 
h.c. 
p.v.c. 
s.e. 

s. 

ut. 


a.h. 

a.c. 

al.c. 

a.p. 

a.s. 

c. dv. 
cp.m 

d. p. 
ml. 
in.st. 
l.c. 
l.s. 
o.l. 
o.st. 


p- 

p.c. 

p.p. 

p)t.m. 

r.f 

r.s. 


sv.h. 

sv.k'. 

t.m. 


PROFESSORS  T.  W.  BRIDGE  AND  A.  C.  HADDON 

IV. — The  Auditory  Organ. 

Atrial  cavity. 

External  atrial  aperture. 

Anterior  semi-circular  canal. 

Cavum  sinus  imparis. 

Ductus  endolympliaticus. 

Ductus  sacculo-utricularis. 

Foveee  sacculi. 

Horizontal  semi-circular  canal. 

Posterior  semi-circular  canal. 

Sinus  endolymphaticus. 

Sacculus. 

Utriculus. 


V. — The  Air-hladder. 

Air-bladder. 

Anterior  chamber. 

Antero-lateral  cmcum. 

Anterior  pillars. 

Air  sac. 

Coecal  diverticulum. 

Compressor  muscle. 

Ductus  pneumaticus. 

Inner  lateral  caecum  of  air-bladder. 

Inner  stratum  of  tunica  externa. 

Lateral  chamber. 

Longitudinal  septum. 

Outer  lateral  caecum  of  air-bladder. 

Outer  stratum  of  tunica  externa. 

Pei’itoneum. 

Posterior  caecum. 

Posterior  pillars. 

Protractor  muscle  of  the  “ elastic-spring  ” mechanism. 

Radial  fibres  of  the  tripodes. 

Fibrous  ridge  on  the  inner  surface  of  the  ventral  vv^all  of  the  anterior 
chamber. 

Sub  vertebral  keel. 

Projection  of  sub  vertebral  keel  into  the  dorsal  wall  of  the  anterior 
chamber. 

Transverse  membrane. 
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t.s. 

t.s. 

t.t. 


c. 

i.lcj. 

in. 

in.a. 

in.h. 

sc. 

sc.  a. 

sc.s. 

s.pv. 

tr. 

tr.a. 

tr.ar. 

tr.c. 

tr.h. 

v.r. 


ac.hr. 

ap.m. 

d.l.m. 

l.c.a. 

left. 

lie. 

mes. 

mph. 

mph.f 

ces. 

p.c.s. 

v.lm. 


Primary  transverse  septum. 

Secondary  transverse  septum. 

Tensor  tripodis  muscle. 

VI.  — Wehei'ian  ossicles. 

Claustrum. 

Interossicular  ligament. 

Intercalarium. 

Ascending  process  of  the  intercalarium. 

Horizontal  process  of  the  intercalarium. 

Scaphium. 

Ascending  process  of  the  scaphium. 

Spatulate  process  of  the  scaphium. 

Saccus  paravertebralis. 

Tripus. 

Anterior  process  of  the  tripus. 

Articular  process  of  the  tripus. 

Crescentic  process  of  the  tripus. 

Heel-like  process  of  the  tripus. 

Ventral  ridge  of  the  tripus. 

VII.  — Other  structures. 

Accessory  branchiae. 

Aponeurotic  membrane. 

Dorso-lateral  muscles  of  the  trunk. 

Lateral  cutaneous  areas. 

Ligament. 

Lateral  line  canal. 

Mesentery. 

Mesonephros. 

Recesses  for  the  “ head  ” kidney. 

(Esophagus. 

Peritoneal  cul-de-sacs  for  the  lateral  lobes  of  the  liver. 
Ventro-lateral  muscles  of  the  trunk. 
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